ectronics 


mmunications 


FORMERLY “RADIO & ELECTRICAL REVIEW” — WIDELY KNOWN SINCE 1946 AS “RK. & E* 


PUBLISHED MONTHLY IN THE 

* INTERESTS OF THE NZ. ELEC- 

TRONICS INDUSTRY FOR ALL 

LEVELS, FROM PROFESSIONAL TO 
AMATEUR. 


AUGUST 1, 1965 Price 2/6 


AWA’s 
important role 
in tracking 
Gemini lV 
snace capsule 


RADIO, ELECTRONICS AND COMMUNICATIONS Ist AUGUST, 1965 


ENQUIRY CARD AD. 1 


- 


The pearl in the bivalve, the valve in electronics—each is the essential element, 
precious in its context. But no deep-sea diving is needed to make sure of the 
vaive: for true reproduction and consistent reliability. 


N.Z. Distributors: - 


Standard Telephones and Cables (Ply) Limited “ITT 


ASSOCIATE 
B13 


better rely on - 


ST 


Auckland, Box 571; Upper Hutt, Box 140; 
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ENQUIRY CARD AD. 2 


Push-button convenience and repeatability for selecting fre- 
quencies from 10 cps to 999 KC makes the new 241A Oscillator 
ideal for supplying stable test signals for lab or production 
work. Just push one of five decade multipliers and three 
frequency push buttons to select any of 4,5000 discrete fre- 
quencies. You get accuracy of + 1% and repeatability 
typically better than 0.005%. 


Three-digit frequency resolution is provided by the solid-state 
241A. Infinite resolution is provided by a vernier control, 
which extends the upper frequency to 1 MC. 


Frequency response is flat within + 2% over the entire range, 
and a front panel control provides output levels from + 10 
to — 30 dbm, presenting a constant output impedance of 
600 ohms. 


Hum and noise are reduced below 0.05% of the output. 

High repeatability, positive push-button operation and compact, 
rugged solid-state design make the 241A especially suitable for 
production line or other repetitive testing. 


= 
a 
SS 


HEWLETT (hp PACKARD 


| An extra measure of quality 


FREQUENCY : 


CALIBRATION 
ACCURACY : 


FREQUENCY 
RESPONSE : 


OUTPUT IMPEDANCE : 
DISTORTION : 

HUM AND NOISE : 
OUTPUT : 


Eee SPECIFICATIONS 


10 cps to 1 MC, 5 ranges, each with 900 
frequency increments with vernier overlap 


— 1% 

+ 2% into rated load 
600 ohms 

1% Maximum 

0.05% maximum of output 


+ 10 to — 30 dbm into 600 ohms (2.5 
voits max) 


7 ~ DIMENSIONS : 64”’ high x 732” x 8 deep 131I1bs. 
2. PRICE : $4980 (N.Z. Price upon request) 
nz. acents: SAMPLE ELECTRONICS (N.Z.) LTD. Sey aNG 
8 MATIPO STREET, ONEHUNGA, S.E.5, AUCKLAND, NEW ZEALAND sel etal 


TELEPHONE 565-361 
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SOME OF OUR WIDE RANGE OF AGENCIES 


A.E.G. — W. Germany Exact Electronics Inc. — U.S.A. Roband Electronics Ltd. — U.K. 
Ballantine Laboratories Inc. — U.S.A. General Radio Company Inc. — U.S.A. Soundscriber Corp. — U.S.A. 

Brush Instruments Inc. — U.S.A. P. Gossen GmbH — W. Germany Tandberg Radiotabrik A/s — Norway 
Claude Lyons Ltd. — U.K. Grundig GmbH — W. Germany Tektronix Inc. — U.S.A. 

Electronic Associates, Inc. — U.S.A. Polarad Electronics Corp. — U.S.A. Telonic Industries Inc. — U.S.A. 

Elcom Ltd. — U.K. Racal Instruments Ltd. — U.K. Tracerlab Inc. — U.S.A. 

Eldorado Electronics, Inc. — U.S.A. Rank Nucleonics Ltd. — U.K. Weston Instruments Inc. — U.S.A. 


CHART 


BRUSH POTENTIOMETRIC STRIP 
RECORDER MARK 10 


®@ Solid state circuitry @ Sensitivity 50uV/division (1/10 inch) 
e Full scale span of 5mV to 200V in 15 steps @ Zero 
@ Selectable input filtering © 
Accepts to 500YV @ Common 
mode rejection 140dB @ 1 Meg input impedance @ 10 chart 


positioned to within 0.1% 


common mode voltages up 


speeds @ Semi-portable. 


* RACAL MODEL SA535 1.2 Mc/Cc 
UNIVERSAL COUNTER/ TIMER 


1.2. Mc/s and 
secs. In S with 
internal crystal stability (+ 1 


a Direct 


measurement to 104 


frequency measurement up to 
time steps of 1 
accuracy of + 1 count + 
in 106) @ Solid state circuitry @ Fully portable weighing 
9 lb, mains or battery operated @ Digital Print-out recorder 
facilities © Standard Output frequencies from oven controlled 
crystal oscillator @ New type six digit column readout or 
IN-LINE readout version available. New type SA.548 Decade 
Divider. Unit extends range to 15 Mc/s with same accuracy. 
% Available ex-stock N.Z., as well as the Model SA.520, 


300 Kc/s four-digit version. 


P.O. .BOX 3097 
AUCKLAND TELEPHONE 34-541 


W. & K. McLEAN LTD. 


EAI SERIES 1130 X-Y VARIPLOTTER 


@ Calibrated Input ranges on both axes from ImV/inch to 
20V/inch in 18 ranges. 
vernier scale is also provided @ Recording area 10” x 15” 


A ten turn continuously variable 


@ Slewing speed 20 inches/sec on each axis @Time base 
ranges — Calibrated sweeps at 0.5, 1, 2, 5, 10 and 20 seconds 
per inch with uncalibrated vernier between ranges @ Accuracy 
— + 0.05% Resetability. 


* WESTON’S NEW MODEL 80 1% VOLT 
OHM MILLIAMETER 


@ Accuracy — 1% DC (20,0009/V); 14% AC (5,0002/Y); 
Ohms — 1% of linear scale @ Readability — 53’ meter 
with refractive anti-parallax scale @ DC Volts — 0.25/5/1/2.5 
10/25/50/100/250/1KV/5KV @ 20,0000/volt @ A.C. Volts — 
2.5/10/50/250/500/1KV/5KV @ 5,0009/volt @ D.C. Current 
—50uA/1/10/100mA/1 and 10 Amps @© Ohmeter — Five 
Ranges; 2K to 20 Meg. full scale; 20 to 200K centre scale 
© dB Scale — (—10) to (+10)dB. 

% Available ex-stock N.Z. 


PRIVATE BAG 
LOWER HUTT TELEPHONE 699-864 


We maintain our own servicing and calibration laboratory in our Wellington Office, 437 Hutt Road, Lower Hutt 
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More than 100 men and women em- 
ployed by Amalgamated Wireless 
(Australasia) Ltd., at Carnarvon, Wes- 
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part in tracking the Gemini IV space 
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piloted by American Jim McDivitt, 
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ENQUIRY CARD AD. 5 


NEW hp 
PORTABLE AC 


| VOLTMETER 


A low weight portable tor mobile locations 
l00uv to 300v . Scps to 2MC 


2% accuracy is yours over a major portion of the frequency range with this 
aw 6900 new battery-operated hp 403B AC Voltmeter. Carry it anywhere and quickly - 
make direct measurements from 100 microvolts to 300 volts, 5 cps to 2 me. 
Battery charge, easily checked with a front-panel switch, is automatically 
restored while you use the 403B on your bench or from your ac line. 
The instrument itself always operates from its battery supply, and the battery 

; operation permits complete isolation of the 403B from power line and 
ecueriyracanen mast , fe external grounds — eliminating hum and ground loops. Signal ground may be 
+ 500 v dc from external chassis. The meter responds to the average value 
of the input, is calibrated in the rms value of a sine wave. The solid 
state, compact 403B weighs only 63 Ibs. 


@MS VOLTS 


Specifications: Range: 0.1 to 3 v rms full scale, 12 ranges 
Frequency: + Cps.to*2, mc 
Accuracy: 0° C to 50° C, within + 2% of full scale from 


10 cps to 1 mc, within + 5% of full scale from 
5 to 10 cps and 1 to 2 mec (on 300 v_ range, 
accuracy is + 10% from 1 to 2 me; AC-21A 10:1 
Divider Probe allows measurements to 300 v_ in 
the 1 to 2 mc range with an accuracy of + 5%); 


0° C, + 8% of full scale from 5 cps to 2 me. 


Nominal Input 2 meg. 40 pf, 0.001-0.03 v ranges; 20 pf, 0.1-3 v 
Impedance: ranges, 15 pf, 10-300 v range. 


Maximum Input: 600 v peak, 0.3-300 v ranges; 25 v rms, 600 v peak, 
0.001-0.1 v range. 


HE WLE ] ] ——=>= Power: 4 rechargeable batteries (furnished). 40-hr operation 
= per recharge, up to 500 recharging cycles. — Self- 
= ¢ ee. oe aes contained recharging circuit functions when instru- 

PA CKARD hp An exira measure ment is operated from ac line 


of quality. Noise Contribution  <0.08% at full scale, <0.2% at 50 % of full 
to reading Error: scale, 0.8% at 10% of full scale 
Size: 5 1/8th’” wide, 6 3/32nd” high, 8” deep 


Price: hp 403B, $310.00; hp AC-21A, $30.00 


Nz. AGENTS: = SAMPLE ELECTRONICS (N.Z.) LTD. mi 


8 MATIPO STREET, ONEHUNGA, S.E.5, AUCKLAND, NEW ZEALAND peri eg i 
TELEPHONE 565-361 
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Letters from Readers 


Sir, 

I read with great interest 
Commander Beere’s com- 
ments on my article on tech- 
nician training. The points 
he raises would require at 
least another article if they 
were to be replied to in any 
detail, however I would like 
to reply briefly to the points 
raised. 

In saying that the NZCE 
takes about the same amount 
of time and study as a B.Sc. 
degree I perhaps did not 
make my meaning com- 
pletely clear. Both the 
NZCE and the B.Sc. are a 
three year investment in 
training. Although the NZ- 
CE consists of an average 
of 15 hours of formal train- 
ing a week, it is supple- 
mented by practical training 
at the same time. A stu- 
dent taking a B.Sc. degree 
would, over the three years, 
probably average out just a 
little higher than this. It is 
difficult to compare the 
training received at Univer- 
sity with that for the NZCE 
since they are about differ- 
ent subjects, but a good pass 
in the NZCE will exempt a 
student from about two 
years of the B.E. course. 


The point facing the pro- 
spective student is whether to 
spend his three years getting 
a degree with resultant pro- 
fessional status, or an NZ- 
CE with nostatus whatsoever. 
I am aware that School Cer- 
tificate is the required mini- 
mum level for entry to the 
NZCE course, but many 
students do hold higher 
qualifications, so that many 
who could manage a degree 
are deliberately choosing the 
NZCE. It seems hardly fair 
that they should be penalized 
for this. 

I cannot agree with Com- 
mander Beere that the State 
Services Commission have 
helped to retain the standing 
of the term Technician. In 
fact to my knowledge they 
have been well to the fore 
in adulterating this term. 
The public service is full of 
examples of the term Tech- 
nician being used as a means 
of granting people, with only 
trade qualifications or even 
lacking any formal quali- 
fication, a salary increase 
in order to retain their ser- 
vices. The term Engineer 
has been similarly used, as 
in many departments it is 
used to describe people who 


PHILIPS 
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do not hold a_ professional 
qualification. It would ap- 
peur that the criterion is the 
job done rather than the 
qualification held, and there 
are arguments that could be 
mustered to support this 
view. In any case the term 
Technician Engineer has 
been recognised by the IEE 
who have been active in en- 
couraging the newly formed 
Institution of Technician 
Engineers (London), whose 
members are entitled to so 
call themselves. 

{t is a pity to see the 
multiplication of institutions 
for the electronics branch of 
electrical engineering, be- 
cause these can only weaken 
the total position of all in 
it, nevertheless a Technic- 


CAMERA VIEW 


ian Engineer would in my 
opinion be better off as a 
full member of his own in- 
stitute than second class 
member of either the [ERE 
or the IEE. 


There appears to be gen- 
eral dissatisfaction with the 
term Engineering Associate 
at present used in N.Z., be- 
cause it neither describes 
the work of those so regis- 
tered, nor does it have any 
meaning in itself. Technic- 
ian Engineer has a meaning 
defined clearly by the Joint 
Engineering Council, and 
carrying with it a status 
clearly merited by those who 
hold registration under the 
Engineering Associates Act. 


Vv. M. STAGPOOLE. 


We introduce this month a new feature that will 
present to our readers various facets of companies in 
the electronics field in New Zealand. Our intention 
is to highlight some special feature of the company 
under view — its production ability, technical aid 
facilities, laboratory equipment, unusual expansion — 
and bring it to the notice of our readers. Our pre- 
liminary list contains firms both large and small, at 
various stages of development, representing a cross- 
section of the expanding electronic industry. 

Within this broad outline the general theme is 
designed to provide a report of technical interest. 
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YOU CAN BUILD YOUR 


OWN TV. RECEIVER 


Your own T.V. receiver built to the best professional standards. 


Features printed 


wiring board which already solves your layout and connection difficulties, the critical 


EHT unit is pre-wired. Comprehensive manual describes assembly in detail and coloured 


circuit simplifies wiring layout. 


Chassis designed for ease of fitting into cabinet or into furniture. 


Obtainable from your local dealer or write direct to Auckland Radio Engineers. 


PHILIPS 1965 TELEVISION KITSET FEATURES:— Printed circuit boards throughout ® Pre- 
High-grade transformer and bridge rectifier 
Suitable for either 19 inch or 23 inch picture tube @ Chassis 
supplied with all cutouts etc. © Pre-aligned channel 
All components supplied, excluding connecting wire, picture 


wired line output stage assembly ® 
Voltage stabilisation © 


construction manual @ 
tube and cabinet. 


SUITABLE FOR SCHOOL PROJECTS OR APPRENTICES LEARNING THE 
AN IDEAL CHRISTMAS PRESENT FOR HOBBYISTS. 


TRADE. 


selector e 


Auckland Radio Engineers 
LIMITED 


143 HOBSON ST., AUCKLAND, C.1 Tel. 


Comprehensive 


34-410 


WE SUPPLY— 
Transistors 
Valves 
Cathode Ray Tubes 
Rectifiers 
Technical 
Publications 
TV. Turret Tuner 
Resistors 
e Capacitors 
Potentiometers 
Radio & TV. 
Components 
Philips Loud 
Speakers 
Philishave Spares 
TV. Aerials 
and Accessories 
Auto Aerials 
Special Cables 
and Conductors 
Printed Circuit 
Boards 
Professional 
Components 
Philips Replace- 
ment Parts 
TV Kit Sets 
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DYMAR 


DYMAR 


AVAILABLE WITH THE FOLLOWING UNITS : 
Wideband Millivoltmeter TYPE 701 


DC Microvoltmeter TYRE @? 23 
DC Kilovoltmeter TYPESL22 
A F Signal Generator TYPE 741 
Noise Factor Meter Tike AO 


Blank Plug in for making your own. 


UNITS UNDER DEVELOPMENT 
V.H.F. Millivoltmeter 
Distortion Factor Meter 
True R.M.S. Millivoltmeter 
Wave Analyser 
Two Tone AF Signal Generator 
Transistor Test Set 
Frequency Meter 


DYMAR 


MEASURING EQUIPMENT 


Dymar is an entirely new concept in 
measuring equipment: Consisting of a 
basic unit into which accessory units 


are plug-in. 
1. Ease of use 
2. Ease of expansion 


3. Economy by having only one meter 


purchase 
4. Facilities for making up own units 


5. Limitless uses and facilities 


FURTHER PARTICULARS FROM SOLE N.Z. AGENTS: 


P. H. ROTHSCHILD & CO. LTD. 


P.O. Box 170 Lower Hutt 83 Pretoria Street Telegrams “Frands” 
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CENTENNIAL 
OF THE 1.7.U. 


In recent years, most people associated with the 
electronics industry have come to know of the exist- 
ence of several international groups, which are 
responsible for setting and controlling standards 
which affect many parts of the Electronics Industry. 
For example our television service operates to a 
specification established by the C.C.LR. (Consult- 
ative Committee for International Radio), whilst 
the N.Z. Post Office operates in compliance with 
specifications set by the C.C.LT.T. (The Consultative 
Committee for International Telegraph and Tele- 
phone), and on frequencies in accordance with 
regional plans established by the LE.R.B. (The 
International Frequency Registration Board). Even 
the Amateur Radio Service has overall guidance 
from the IA.R.U. (The International Amateur 
Radio Union). These various groups all come under 
the framework of the I.T.U. (The International 
Telecommunications Union). 


It may come as somewhat of a surprise however 
that the idea of International co-operation has en- 
dured 100 years of relatively peaceful existence. 
To recapitulate a little, let us go back in time more 
than 100 years. 


The first treaty on record designed to link the 
Telegraph system of two countries was signed on 
October 3, 1849 between Prussia and Austria. It 
provided for the connection of Berlin to Vienna 
by an electric telegraph line running alongside 
the railway. Similar agreements followed between 
other States, and in 1850 an Austro-German Tele- 
graph Union was formed, which served its purpose 
well until 1872. During that time several meetings 
of the Union were held, and at the last one in 1857, 
in Stuttgart, a move was made to formulate some 
rules, which even today, are the guiding rules 
of the International Telecommunications Union. 


During the same period a number of other Euro- 
pean countries arranged agreements similar to the 
Austro-German Union and delegates from Belgium, 
Switzerland, Sardinia, Spain and France met in 
Paris in 1855 to form the West European Telegraph 
Union. 

In 1852, Belgium, France and Prussia signed a 
convention to construct Telegraph lines to pass 
frontiers without interruption. By 1861 nearly a 
dozen more countries had also signed the conven- 
tion. But still, the free flow of communications 
between countries was obstructed, and in 1865, the 
final and logical result was the need for improved 
co-operation. The French Government issued in- 
vitations to all major European Countries to attend 
a conference in Paris in March 1865 to negotiate 
an international telegraph system. Twenty coun- 
tries attended, and formulated the First Inter- 
national Telegraph Convention. And _ thus the 
International Telegraph Union was born. The Union 
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held Plenipotentiary Conferences in Vienna (1868), 
Rome (1871) and St. Petersburgh (1875) and at 
this last conference, so many important details 
were concluded that there were no further Pleni- 
potentiary conferences until 1932. In fact the 
outstanding result of the St. Petersburgh conference 
was the re-drafting of the International convention 
when it was decided that technical experts would 
in future be responsible for keeping the Telegraph 
Regulations up to date. From 1879 until 1928, 
except for a period of 17 years centred on World 
War I, there were a number of administrative con- 
ferences, and by this time the membership of the 
Union had risen to more than 50 countries. At 
the Paris administrative conference in 1925, the 
decision was made to organise two Technical Con- 
sultative Committees, one concerned with Tele- 
graphy — the other with Telephony. 


During the period from 1900 onwards another 
problem of communication had arisen. The Inter- 
national Telegraph Union of the time was concerned 
mainly with matters of line and cable telegraphy. 
In 1903 Germany convened a Preliminary Radio 
Conference at which nine countries were represented 
and three years later, in 1906 the First International 
Radio conference was held also in Berlin, with 29 
countries represented. Six years later, in London 
in 1912, the New Radio Regulations were approved. 
A third conference was held in 1927, this time in 
Washington, where delegates from 80 countries 
set up the C.C.I.R. and frequencies were assigned 
to specific radio services. 

Finally, five years later, at Madrid, the Inter- 
national Telegraph Union combined with the 
International Radio Telegraph Union to form the 
International Telecommunications Union, and the 
Radio-Telegraph, and Telegraph conventions were 
combined to form the International Telecommunica- 
tions Convention which today is still the charter of 
the present I.T.U. 


Since 1932 there have been three other Pleni- 
potentiary Conferences, at Atlantic City (1947), 
Buenos Aires (1952), and Geneva (1959). At 
Atlantie City, delegates saw the formation of the 
International Frequency Registration Board 
(I.F.R.B.) and a working agreement was reached 
with the United Nations. Thus since 1948, the 
I.T.U. has resided in Geneva operating with a perm- 
anent administrative council. 


This year, to mark the centenary, two events 
are being held. There was a ceremony in Paris 
on May 17th, and a Plenipotentiary Conference is 
to be held in Montreux, Switzerland between 
September 14th and November 12th. In addition, 
the I.T.U. intends to publish a special book entitled 
‘“‘Rrom Semaphore to Satellite’’. 


Today the operation of Telecommunications 
throughout the world is governed by five basic 
documents, which will be revised at the forth- 
coming conference. These are the L.T.U. Con- 
vention, the Telegraph Regulations, the Telephone 
Regulations, the Radio Regulations and_ the 
Additional Radio Regulations. 

LH.S. 
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SANGAMO WESTON 


TIME 
SWITCHES 


2 
4/ / 12 \\ > 


“di hi a iia, SYNCHRONOUS 
and SPRING RESERVE 


Sangamo Time Switches are now available with The mainspring is kept fully wound without the 
or without spring reserve. The spring reserve use of any slipping clutch device which could 
sk ied ca Guneh “Kes she of sat, ledst wear and become erratic. During supply inter- 
Ce ee ea PUB Bites oe hi Derigdh Case haces ruption, the switch continues to function, being 
18 hours after interruption of electricity supply. driven by the mainspring controlled by the escape- 
When the supply is on, the mechanism is driven ment. 

by the mainspring through an escapement, and Any spring reserve model is interchangeable with 
this escapement is synchronously controlled. This its corresponding — standard synchronous model 
synchronous control feature is patented and is one without the necessity for changing the base of the 
; ae ee iE ay switch or the wiring. To accommodate the in- 
of the outstanding merits of the design ensuring creased depth of the spring reserve model, a new 
absolute accuracy of timekeeping. cover is required. 


Write for details of models available to: 
SOLE NEW ZEALAND AGENTS: 


SS. Se SO a 


P.O. BOX 873 oe PHONE 62-254 —_ CHRISTCHURCH 
P.O. BOX 8150, Newton — PHONE 16-100 _— AUCKLAND 
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SILICON-CONTROLLED RECTIFIERS 


trom AWA. 


These RCA types cover your 
most important current requirements 


6 TYPES PRICED FOR HIGH VOLUME USE 


2N3528 21N3529 2N3228 2N3525 2N3668 2N3670 
2 Amp IFRMS 2 Amp IFRMS 5 Amp IFRMS 5 Amp IFRMS 12.5 Amp IFRMS_ 12.5 Amp IFRMS 
200 VRM(rep) 400 VRM(rep) 200 VRM(rep) 400 VRM(rep) 100 VRM(rep) | 400 VRM(rep) 


...AND 3 TYPES FOR: HIGH-RELIABILITY. USE 


2N1770-78 2N1842A-50A 2N681-90 
7.4 Amp IFRMS 16 Amp IFRMS 25 Amp IFRMS 
25-500 Vrm(rep) 25-500 VRM(rep) 25-600 VRM(rep) 


Whether your design has application in stepless control, in mass-produced line- 
operated appliances, or in commercial and industrial power control, relaying, or 
other switching functions, RCA SCR’s offer the extra design features for operation at 
full name-plate rating. Available only from AWA. 


AMALGAMATED WIRELESS (AUSTRALASIA) N.Z. LTD. 


2nd Floor, Commerce House, Wakefield Street, P.O. Box 830, Wellington, Tel. 43-191 


P.O. Box 1363 P.O. Box 2084 P.O. Box 932 P.O. Box 1026 P.O. Box 467 
AUCKLAND CHRISTCHURCH PALMERSTON NORTH DUNEDIN — INVERCARGILL 
Tel. 10-129 Tel. 62-158 Tel. 83-671 Tel. 88-058 Tel. 89-777 
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ENQUIRY CARD AD. 10 


COLD 
LOGIC 


When the problem is the 
lowering of temperature, it’s 
a matter of cold logic to use 
‘ARCTON’ chlorofluorohydro- 
carbon. refrigerants from 
1.C.l. They're of consistent 
high quality and low mois- 
ture content; and _ they’re 
non-toxic, non-corrosive and 
non-inflammable. 


You'll find a_ refrigerant 
ideally suited to your par- 
ticular needs in the wide 
‘ARCTON’ range. 


If you would like detailed 
information on ‘ARCTON’ 
Refrigerants and their 
application, write to 
LEGeLRGNEZa)! itd: 


-SARCTON’ 


Electric Refrigeration N.Z. Ltd., 210-214 Lambton Quay, Wellington. N. O. Pierson Ltd., 27a Southwark St., Christchurch, 


Ellis Hardie Syminton Ltd., Fanshawe St., Auckland. Refrigeration Engineering Co. Ltd., P.O. Box 12072, Auckland, $.E.6. 

Ellis Hardie Syminton Ltd., Thorndon Quay, Wellington. Refrigeration & Heating Engineers Ltd., P.O. Box 976, Dunedin, 

Ellis Hardie Syminton Ltd., P.O. Box 1569, Christchurch. Seal Unit Service Ltd., Holland Street, Wellington. 

Frigidaire Div. of General Motors N.Z. Ltd., P.O. Box 795, Wellington. H. Simpson Ltd., P.O. Box 583, Christchurch. 

A. W. McDonald Ltd., 5-7 Weld Street, Auckland. Simpson-Kane Refrigeration Ltd., 86 Vivian Street, Wellington. 

Allan Newbold & Co. Ltd., Thorndon Quay, Wellington. Spicers Home Appliance Centre Ltd., 93 Bridge Street, Nelson. 

G. E. Patton Ltd., P.O. Box 92, Christchurch. and from a New Zealand-wide network of authorised Frigidaire Dealers. 

IMPERIAL CHEMICAL INDUSTRIES (N.Z.) LTD. 
P.O. Box 900 P07) BOX "1592 P.O. Box 1486 
AUCKLAND WELLINGTON CHRISTCHURCH 


GC/2676/64 
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DIGITAL ELECTRONICS 


There is a wide scope in New Zealand for digital 
electronic systems developed locally for the perform- 
ance of specific jobs; I hope to show that the 
ideas involved are very simple, and to encourage 
some of you to enter the field. Having spoken of 
‘‘digital electronic systems’’, I had better define 
them briefly and discuss some basic features. They 
depend for their operation on variables which have 
discrete states only. Discrete values lend themselves 
readily to the operations of binary arithmetic and 
logical decision. 

By discrete variables I mean, for example, such 
quantities as the position of a uniselector or rotary 
switch, the stable states of a multi-vibrator, or the 
states ‘‘open or closed’’ of relay contacts; as opposed 
to ‘‘continuous’’ variables like complex waveforms. 

This is, of course, the story of computers and 
the systems that I shall proceed to describe are 
small, special purpose computers developed to per- 
form specific jobs. Common practice in electronic 
computing is to use electrical quantities with two 
discrete states, which are readily handled by elec- 
tronic circuits also with two discrete states :— switch- 
ing circuits in fact. Such circuits can be made to 
correspond to schemes of binary arithmetic and 
logic. Binary arithmetic is normal addition or sub- 


—In Science 


And Industry 


a warrant of fitness if it has a noisy muffler (N) 
or dangerous ornaments (Q). This we can write 
as W = N + O. These are examples of Boolean 
algebra, in which we have the operations — = NOT, 
e = AND, and + = OR. The elegant feature of 
Boolean algebra is that it is directly related to 
switching or computing circuits. We can design a 
switching circuit using Boolean algebra, or we can 
inspect a switching circuit and work out its per- 
formance by means of Boolean algebra. This form 
of mathematics is very simple and easy to use — 
there are plenty of books on it, and I won’t go 
into further details. 

The points to which I have been leading are 
these :— there exists a simple mathematics for com- 
puting and for logical decisions, and it can be per- 
formed by electrical or electronic devices: relays, 
uniselectors, multivibrators, and so on. Circuits 
used for the performance of computing and logical 
decisions are ‘‘Digital Electronic Systems’’. With 
semiconductor devices they yield a high degree of 
reliability and ease of construction — at P.E.L. 
we employ first-year trainees on them as a matter 
of course. 

At P.E.L. recent and current work in the digital 
field includes a high speed digital recording system, 


by W. P. Gabriel 


Physics and Engineering Laboratory, 
D.S.1.R. 


traction but counting in two’s instead of tens. 
Binary logic is the performance of decisions based 
on the quantities with two states — ‘foo’? or “not 
eo’’. An example of binary logic is a warrant of 
fitness :— a vehicle will receive a warrant of fitness 
if and only if, it has ‘‘good’’ brakes (B), wind- 
sereen wiper (W), horn (H), steering (S), lights 
(LL) and so on. There is a kind of mathematics — 
Boolean algebra — in which we can turn such 
problems as warrants of fitness into symbols, and 
work on these symbols mathematically. Our war- 
rant of fitness rule becomes: 
Wei ©: Wael 6.8.07 wF eye 

Continuing our example, a vehicle will NOT receive 
., EE Se ern a eee s9 <8 Sor 


This article is adapted from a paper delivered at the 13th 
New Zealand Science Congress held at Auckland in Feb. 1965. 


a programmed speed control of high accuracy, 
machine tool control, intervalometers for elapsed 
time photography and aerial mapping, a program- 
ming system for temperature. and humidity con- 
trollers and a frequency synthesiser. I shall now 
describe some of these systems, all of which have 
been made with simple standardised components. 

Starting with the intervalometers for elapsed 
time and aerial photography ; these two instruments 
employ similar circuitry and perform similar jobs. 
The elapsed time intervalometer is required to 
trigger an electrically operated camera at precise 
intervals of from one to one hundred minutes and 
switch on floodlights before each photograph is 


taken, The sequence of photographs resulting gives 


a history of the process or experiment under study. 
The aerial mapping intervalometer also drives an 
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FLIP-FLOP CIRCUIT 
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SHORTHAND 
OUTPUT FLIP-FLOP 


D.C. INPUT D.C. OUTPUT 
Wi 


AC. INPUT 


THE USE OF 
FLIP-FLOPS 
FOR COUNTING 


FIG. 4 AND GATE FIG. 5 OR GATE 


P; Pz P3 R 


Itt 


intee 


G 
OUTPUT= Vg (W) 


P;(B) P2(W) P3(H) Py(S) Ps(L) Py P2 P3 P, Ps 
G 
ie) 


If Pyke oP he 1), M 


If Py*P,+P,+Pp*Pe= 0, 


AND 


P, Pp Py 
: OUTPUT™ Vg 


G 
Ti Pobsern BPs Ole =0 


If PytP2*P;+PtPe=1, 


At left, illustrations show: 

Flip-flop circuit, fig. 1; 

Shorthand flip-flop, fig. 2; 

Use of flip-flops for counting, fig. 3; 
AND gate, fig. 4; 

OR gate, fig. 5; 

Counter preset to 6 — 110, fig. 6. 


Ve=1 


Ve=1 FOR COUNT =6 =110 


Ve=0 FOR ALL OTHER 


COUNTS. 


electrically operated camera, and is used to generate 
correct overlap in the sequence of aerial photo- 
graphs needed for stereoscopic plotting in aerial 
survey of ground plan and contours. 


In the elapsed time intervalometer, pulses are 
generated at a rate of one per minute by a modified 
electric clock. These pulses are fed into a counter 
which ean be set so that when a chosen count of 
value from 1 to 100 is reached, the floodlights are 
turned on for a short time, in the middle of which 
the camera is triggered. 

With the aerial mapping intervalometer, the 
operator generates the correct overlap in a sequence 
of photographs by synchronising a travelling grid 
with the moving ground image in an optical sight. 
A given overlap corresponds to a distance travelled 
by the grid. By means of an optical chopper — 
lamp and photocell system — there can be generated 
a fixed number of pulses per unit distance travelled 
by the grid. These pulses are fed into a preset 
counter as in the elapsed time intervalometer, and 
when a preset count is reached, the pilot of the 
aircraft receives a short warning signal, following 
which the camera is fired. 

The basic process in the two intervalometers 
briefly outlined could well be described as ‘‘batch 


counting’’. A counter registers a series of events, 
and initiates an action or process when a set number 
of events have occurred. In our circuits these 
events are electrical pulses produced as above; 
they could be produced by anything from tins of 
paint on a conveyor belt, to sheep jumping into a 
truck. If you like, the counter could shunt batches 
of 144 paint tins into packing cases, or when 63 
sheep have run down a loading ramp into one truck 
it could close a gate on them and signal for another 
truck to drive up and receive 97 sheep. 

Preset counters are one form of digital electroni¢ 
system that show great versatility. Following on 
our general discussion it is worthwhile to diseuss 
their operation which is a combination of digital 
arithmetic and logie. 

The preset counter is essentially the type of 
electronic counter, (or scaler) that consists of eas- 
eaded flipflops (scales of two), with the addition 
of an ‘‘AND”’ gate for the recognition of a com- 
pleted count. I will first explain the flipflop cirenit 
and its use in electronic counting, and then go on 
to show how a straight counter can be turned into 
a preset one. 


The term flipflop, in this context, refers to a 
transistor bi-stable multivibrator cireuit, commonly 
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REVERSIBLE 
COUNTER 


At right, illustrations show: 
Reversible counter, fig. 7; 
Digital-to-analogue conversion, fig. 8; 
Programmed temperature controller, fig. 9 FIG.8 


OIGITAL~TO- 
ANALOGUE 
CONVERSION 


V2 


using or resembling the circuit shown in Fig. 1. 
The flipflop has two stable states, T: on and T» off, 
and Tz on and T: off. These states ean be shown in 
a table showing approximate collector voltage. 
Collector Ti Collector Te 


State 1 VN O 
State 2 O. VN 


The action of the circuit is that on the A.C. input 
terminal, only a positive going pulse produces any 
action in the circuit:— the action being a change 
from state 1 to state 2, or state 2 to state 1. Let 
us go now to shorthand notation in which we eall 
O volts O, and Vn volts 1. We ean treat a positive 
going pulse as being a change from 1 to 0, and we 
can show a flipflop (in ‘‘shorthand’’) as a black box 
with two output terminals Q: Qs, and an A.C. input 


terminal A, — see Fig. 2. 
Our possible states for the flipflop can now be 
tabled as: 
Q: Q: 
State 1 1 0 
State 2 0 i 


Suppose now that we take three flipflops X, Y, Z 
and cascade them as in Fig. 3. The A.C. input A 
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PROGRAMMED 
TEMPERATURE CONTROLLER 


(INPUT 


FLIP-FLOPS IN 
mates REVERSIBLE COUNTER 


Qia Qza TI Q2ae iv Qe il Q20 


of the flipflop X-is driven by a train of positive 
pulses, and you will see that flipflop Y will change 
its state whenever there is a positive going change 
(1 to 0) on the Q2 terminal of flipflop X, and likewise 
flipflop Z will change its state whenever there is a 
1 to 0 change on the Q: terminal of flipflop Y. 


We can draw all this up in another table, in which 
we suppose initially that all the Qs terminals are 
at 0 before we apply the train of positive pulses. 
Pulse ()2z Qey (ex 
0 = Initial State 


Counter Full 
Original Initial State 


Il Il 


DONIMA MR OMe 

COOH HB HH OOOO 
SOHHOOHMHOSO 
SBOP OHOHOHO 


The table is just a numerical story of what I said 
above: that a flipflop changes its state for a positive 
pulse (1 to 0 change) on its input. The flipflop 
outputs in the table are in reverse order to show 
their binary counting action. 


I’ll stop here for a moment and talk about binary 
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(or seale of-two) numbers. Our normal counting 
is decimal (or scale of ten). The number 1345 
means 1 times a thousand plus 3 times a hundred 
plus 4 times ten plus 5 times 1: this is to say we 
have expressed the number in powers of ten. We 
could equally well use powers of two: try expressing 
7 in powers of 2 and you find it is 1 times 4 plus 1 
times 2 plus 1 times 1 and we ean write it as 111 
using seale of two. If you like to work it out, you 
will find that our example 1345 in decimal is: 
10101000001 in binary, 


Going back to our table of flipflop states, let us give 
‘“weights’’ of 1 to Qex, 2 to Qe, and 4 to Q:z. You 
will see that our table of flipflop states is just a 
table giving a decimal to binary conversion. So, 
if you tied an indicator lamp to each output terminal 
you would be able to read out a count of input 
pulses as a binary number. To count larger numbers, 
you merely cascade more flipflops. 


So much for the operation of the basic pulse 
counter employing flipflops. I will now spend some 
time on the logical operations NOT, AND, and OR, 
which I mentioned earlier. In my warrant of fitness 
example of logical decision, I illustrated the idea 
of ‘‘go’’ or ‘‘not go’’ specification of a quantity. 
We can use this approach on the output terminal of 
a flipfiop. 


We have that Q2x = 0 or 1 — its two possible states. 


If Q:x = 0 Qex does NOT = 1 
and if Q:x = 1, Q:x does NOT = 0 
We can say NOT Qex = Q:x where = NOT: 
and draw up a table Qex Qex 
State 0 1 
1 0 
You will see two features here :— that Q:x could 


be obtained from Q2x by an inverting amplifier, and 
that this last table simply corresponds to the flipflop 
output table for Q:x and Qex. 


So we have two conelusions :— (1) we can perform 
the inversion operation NOT with an inverting 
amplifier, and (2) with a flipflop Qx = Q:x and 
Q:x = Q:x. 

The operation AND, in our warrant of fitness 
example was illustrated by W=Be We HeSel. 

If we take W = 1 as the issue of a warrant, we 
have that W = 1if and only if B=1, W =1,H=1, 
S=1,L=1. The AND gate to perform this relation 
is shown in Fig. 4. In the same figure we show a 
symbol for such a gate. The OR gate is shown in 
Fig. 5. You will note incidentally, that an AND 
gate for 1 states, is an OR gate for O states, and 
conversely. 

We can now complete the story of the preset 
counter. Consider our simple 3 stage counter and 
its table of counts, and suppose we wish to preset 
it to the number 6 (decimal) = 110 (binary). We 
note that in this number Qx = 0, Qy = 1, 
Q:z = 1, and we can also say Qx = Q:x = 1, 
Qry = 1, Qez = 1. 

To preset the counter so that it gives a signal on 
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completion of count 6, we connect a three pole 
AND gate to the output terminals Q:x, Qzy, 
Q-z as shown in Fig. 6. There will be a 1 signal 
from the AND gate if and only if there is a count 
of 6 in the counter. If necessary, we can use this 
0 to 1 signal from the AND gate to reset the 
counter to zero on completion of the count. We 
have in fact done this with all our preset counters 
so far, although there could be applications where 
the reset action is not wanted. 


If one is interested in precise frequency division 
by large numbers, prime or otherwise, the preset 
counter makes a very versatile frequency divider, 
as we found in the development of a frequency 
synthesiser working in the range 10 to 30 kilocyeles 
per second with frequencies available in steps of 
100 cycles per second over that range. An extension 
of the preset counter is the end-stopped reversible 
counter. This has been used successfully in a digital 
speed control system, and its application to the 
programming of temperature and humidity con- 
trollers looks very promising. I’ve discussed the 
working of a straight binary counter in which one 
output of each flipflop is connected to the input 
of the following flipflop. A binary number of input 
pulses applied to the input of the counter can be 
read off the line of flipflop outputs as shown earlier. 
Now, suppose that we read the counter from the 
same output terminals as before, but connect the 
input terminals of the flipflops to the alternate 
output terminals. We find that the application of 
a train of pulses at the input causes the counter 
to count (according to our readout terminals) in 
reverse, or subtract. We can make our counter 
either subtract or add by interchanging the flipflop 
input connections. In practice, we perform this 
with gates, in which we apply 0 or 1 levels to the 
control terminals to govern whether we add or 
subtract. See Fig. 7. By applying combinations 
of 1 and 0 levels to both add and subtract control 
terminals we can stop further add counts if the 
counter becomes full in the add direction, or if we 
wanted we could stop both add and subtract count- 
ing altogether when the counter became full on 
either add or subtract. 


The reversible end-stopped counter can be used 
to programme controllers and servo systems. One 
particular interest in studying this line is the pro- 
gramming of temperature and humidity controllers; 
the idea is a general one, however, which could be 
applied to any system working on continuously 
variable voltages; I will diseuss the way in which 
it can be applied to a controller working from an 
A.C. bridge such as a humidity or temperature 
controller. 


I have described how to make the counter rever- 
sible; the addition of end-stopping merely means 
that it is preset at two states:— a state in which all 
the Q:’s are in the 1 state, and the state in which all 
the Qs’s are in the 1 state. Each of these states can 
be sensed by AND gates, and if we call these states 
‘*Add full’’ and ‘‘subtract full’’ we can arrange 
that when the ‘‘add full’’ gate gives a 1 signal we 
stop further ‘‘add pulses’’ and when the ‘‘subtract 
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full’’ gate gives a 1 signal we stop further ‘‘subtract 
pulses’’. 


So far so good — we now have a reversible 
counter which can be made to add or subtract, and 
stop when it is full, rather than go round the clock. 
We ean let each of the flipflop outputs in the rever- 
sible counter control a switch — we can do this 
by driving a transistor from each flipflop output, 
and using its collector and emitter terminals as 
the poles of a switch. For low level A.C., general 
purpose transistors can make excellent switches, 
provided that the base current turning the transistor 
ON is greater than the peak current switched and 
that the reverse base-emitter voltage turning the 
transistor OFF is greater than the peak voltage to 
be switched. Consider now the circuit shown in 
Fig. 8. We have two voltage generators V: and V2 
feeding a summing amplifier S through resistors R, 
R/2, R/4, B/8 controlled by switches A:, Bs, G:, 
D:, and Az, Bz, Cz, De Let us suppose that if 
when switch <A: is open then Az is closed, and vice 
versa. We can eall the closed state of a switch 1 
and the open state 0. Then we can draw up a table 


Ai Ae 
1 0 
0 ‘! 


and we ean state in our symbolic terms that A: = Az, 
similarly, let Bi = Be, C: = Ce, Di = De. 

Now, suppose A: = Bi = C:= D: = 1 (i.e., all closed) 
for which of course Az = Bz = C: = Dz = 0 (ice, all 
open) then the parallel resistors will define an input 
current to the amplifier of 15V:/R, resulting in an 
output voltage from the amplifier of Vo = V1. For 
the opposite configuration As = Bz =C@: = D: = 1 
we get Vo = V2. 


Now, suppose we operate the switches systematic- 
ally as shown below — you will see that the switches 
correspond to binary digits — and enter the values 
of Vo at the right of the switching table. 

Count At As Bi Be Ci Ce Du ebes Vo 
Pete. 1 Ob Oey 


14Vi 1V2 
1 1 OFF90 if 0 at 0 1 + 
1S 4 AS 
13V:i 2V2 
pe ( 1 1 Wht EN, 1 0 1 + 
mas 15 
8Vi TV: 
7 1 0 1 ) 1 SES §) 1 + —— 
15 565 
TVi 8V: 
See iis (ess Oe Tod. 20 + —— 
15 15 
Vi «#=(14V:2 
Poe Les Qs i Do Oe 
5 1D 


eet (ye) Sf) jes Gert | Ope e2Vi2 


Clearly Vo progresses in steps from V:, to Vz. The 
states of the switches correspond to the states of 
a four bit counter, so that if we use a reversible 
eounter to control the switches we can go hack and 
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forth between the two set voltages V: and V2, 
settling on any value we choose. This is an example 
of Digital-to-Analogue conversion. An example is 
shown in Fig. 9 which shows the programming of 
a bridge (for temperature or humidity control) 
between two extreme values set by two bridge arms. 
We are working this system for the programming 
of temperature and humidity controllers; it could 
be applied to servo systems, or a self-balancing 
bridge with digital readout, to mention possible 
applications. 

At this stage, some of you are bound to say, 
‘“‘These control systems are all very fine, but who 
is going to wire up the hundreds of transistors? 
What about the cost? Why not use mechanical 
devices?’’ Agreed, digital control systems do use 
hundreds of transistors, but circuits can be pur- 
chased ready made, as building blocks turned out 
by such firms as Philips, Mullard, and Ferranti. 
There is full information available telling you how 
and where to use them. As for cost, you can’t afford 
not to spend money where good and versatile equip- 
ment is needed. Mechanical devices — you don’t 
hear of them being sent up in rockets — and they 
have neither the versatility nor the reliability of 
2ood semiconductor electronics. 


To conclude, I have tried to show how in the field 
of digital electronics simple ideas can be used to 
develop versatile equipment. Digital electronics 
is an expanding field which I hope some of you 
will enter in the near future. 
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Fundamental 


Simple Testing Of Audio 
Equipment Using Square Waves 


In the design of, say, pre- 
amplifiers it is convenient to be 
able to decide quickly how com- 
pensation, boost or cut circuits 
are acting in a qualitative way 
without going through tedious 
frequency response runs with an 
oscillator and V.T.V.M. 

With a fully equipped labora- 
tory it is possible to do quick runs 
with either a high speed chart re- 
eorder or the cathode ray oscillo- 
scope type of audio frequency 
response curve tracer for visual 
display. However, neither of these 
equipments will be found close 
to hand when the home experi- 
menter wishes to run a quick 
cheek on an amplifier under con- 
struction. 

In this short article we describe 
what tests are needed on an amp- 
lifier and how much of the in- 
formation given in detail by more 
expensive methods can be com- 
pressed into one measurement, 
albeit with less accuracy, provided 
a cathode ray oscilloscope — is 
owned. 

Some usual audio amplifier tests 


A. Frequeney range:— audio os- 
cillator plus V.T.V.M. 

B. Tone controls ete.:— audio 
oscillator plus V.T.V.M. 

C. Stability, transients ete :— 
Square wave plus CRO. 

D. Gain:— audio oscillator plus 


VeT yas 

E. Power output: audio oseil- 
lator plus V.T.V.M. (and hum) 
(CRO optional). 

To measure, quantitively, har- 
monie distortion and intermodula- 
tion distortion, special distortion 
measuring meters are required. 


However, distortion over 5% or 
7% can start to be seen on a 
C.R.O. trace, providing the audio 
oscillator has good wave form to 
begin with. 

Tests A to E require plotting 
many measurements that may not 
be needed if only a rough check 
or indication is required. What 
is needed is a signal source con- 
taining a range of frequencies in 
one ‘‘bundle’’. Such can be found 
in a square wave and also in white 
noise. 


Square Waves 


Mathematical analysis of square 
waves, by Fourier’s method, 
shows that a regular square wave 
of amplitude A eomprises_ the 
components 
F + (3F x A/3) + (5F X A/5) 

+ (TF X A/T) 
ete. 


Where F is the fundamental 
repetition frequency. This can be 
shown as in figure 1 where even 
a small number of harmonies tend 
to a square wave. Study of figure 
1 will show that the absence of 
the earlier harmonics, say, 3rd 
5th or 7th, or diminished value of 
them, will alter the shape of the 
square wave. The attenuation of 
any part of the square wave due 
to ‘‘absorption’’ of its components 
by failings in the amplifier will 
thus be shown on a eathode rav 
oseillogram of an amplifier output. 

In addition to attenuation, or 
accentuation, of components the 
change of phase with respect to 
frequeney can also be seen. In 
fizure 1 all the harmonies are in 
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Fig. 1 Make up of square waye from harmonics. 


phase with the fundamental. Any 

phase displacement of a harmonic 
(or fundamental) due to transit 
through an amplifier will also 
show up in the output oscillo- 
gram. Thus, an additional test, 
not listed in A to EK, ean also be 
checked. 


Choice of Test Frequencies 
Practical experience with square 
wave testing over a number of 
years by various authorities in 
the audio field indicates that a 
square wave will provide useful 
information about amplifier per- 
formance up to the 10th harmonie 
of the square wave. Thus it is 
usual to provide three fixed fre- 


quencies for general purpose 
work — 

20¢/s 

200e/s 


and 2Ke/s 
and variable frequencies are more 
of a hindranee than a help in 
routine testing. Also, unity mark 
to space ratio is all that is neces- 
sary i.e. the ‘‘on-off’’ periods are 
equal. 


r'G.2 


Fig. 2 Circuit of simple square wave generator. 
C1 and C2 values:— 


for 20c/s repetition rate  .0125 uF. 
200 c/s 125 uF. 
2000 c/s 9 99 1.25 uF. 


These values are “centre” ones and 
slight variations may be needed for 
exact chosen freauencies. 


1st AUGUST, 1965 


FIGS. 3-14 
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The Square Wave Generator 

Transistor techniques have been 
chosen so a cheap, small and light 
weight unit can be built. 

A simple two transistor astable 
multivibrator circuit is shown in 
figure 2. OC71 transistors have 
been chosen as being cheap and 
having sufficiently high switching 
times for the low repetition rates 
involved. 

As fixed frequencies are used 
capacitors Cl and C2 are switched 
only. R2 and R3 could be ganged 
and varied if continuously adjust- 
able control is required. 

Disproportionate mark-space 
ratios ean be obtained by un- 
equal values of C1R2 and C2R5 
but these are no advantage in a 
simple instrument. 

The values of Cl and C2 as 
shown are only approximate but 
exact values could be chosen by 
frequency comparison methods 
on a C.R.O. 


Interpretation of results 
Figures 3 to 13 show the types 
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Fig. 3 Poor high frequency response. 

Fig. 4 Poor low frequency response. 

Fig. 5 Emphasis at low frequencies. 

Fig. 6 Emphasis at high frequencies. 

Fig. 7 Poor response at fundamental (square 
wave) frequency. 

Fig. 8 Drop in gain at one particular band. 

Fig. 9 Emphasis of one particular band. 

Fig. 10 Singing. 

Fig. 11 Phase shift leads at low frequencies. 

Fig. 12 Phase shift lags at low frequencies. 

Fig. 13 Coupling capacity too low, producing 

: differentiation. 

Fig. 14 Waveform of square wave generator 

showing sounding. 


of output wave shapes to expect 
for the faults indicated. 

More generally, the situation 
ean be stated as :— 

1. If the flat top is tilted, but 
straight, there is phase shift. 

2.1f the leading edge is rounded 
there is poor high frequency re- 
sponse. 

3. If the trailing edge is rounded 
there is poor low frequency re- 
sponse. 

4. If there is very sharp trailing 
edge fall away coupling capacities 
may be too low causing differenti- 
ation of the square wave as in 
figure 13. 

It is worthwhile to spend some 


time with pencil and paper rea- 
soning out why the various output 
shapes occur because to do so will 
make the wave shapes far easier 
to remember for reference pur- 
poses. 


Final notes of caution 


Although the leading edge of 
the square wave and the top are 
elean the foot of the trailing edge 
is slightly rounded as shown in 
figure 14. Such an effect should 
be allowed for in viewing the 
resultant output. This slight fault 
is the price paid for such a simple 
generator. 

So as to avoid differentiation 
of the output ensure that the load 
impedance is as high as possible 
— certainly at least 500K ohms. 
The output voltage approaches 
the supply voltage so plenty of 
output is available so a low tap 
on the 500K potentiometer will be 
possible. Lower supply voltages 
still provide good square waves 
but the rounding shown in figure 
14 becomes more pronounced. 


ADVANCE IN TELESCOPE AUTOMATION 


Automatic control by simple dial set- 
ting has replaced lengthy manual oper- 
ation on the new automatic twin 16-inch 
telescope at the Royal Observatory, 
Edinburgh, Scotland, which represents an 


important advance in the automation of 
telescopes. 

Automation permits the telescope to 
be operated by a single person with 
all measurements recorded directly on 
to computer tape. 
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CHEAPER POWER IS POSSIBLE 


BY WAY OF M.H.D. 


These days, the designers of both 
nuclear and conventionally powered 
generating stations are becoming inter- 
ested in a new means of making elec- 
tricity. The method is called magneto- 
hydro-dynamic (MHD) power generation 
—or sometimes magneto-plasma-dynamic 
(MPD)—and in spite of its complicated 
name it is really simpler than the con- 
ventional way of making power. 

A coal, oil or nuclear furnace can be 
used as its source of heat. 

A power station, nuclear or conven- 
tional, works by boiling water, to make 
steam, to drive a turbine, which spins 
a coil of copper wire between the poles 
of a magnet. 

As the copper wire cuts across the 
lines of magnetic force, an electric cur- 
rent is automatically produced in the 
wire. Copper wire is an extremely good 
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conductor which is easy to handle and 
relatively cheap but, in fact, if any 
conductor of electricity is moved across 
lines of magnetic force, then a current 
is started within it. 

In MHD the conductor is a jet of hot 
gas. Instead of a coil being spun be- 
tween the poles of a magnet the jet is 
shot between them. The current which 
is set up in the gas is picked up by 
means of electrodes placed on either 
side of the gas stream. 

The great advantage of MHD over 
conventional power generation is that 
it cuts out complications that waste 
energy in producing electricity. Gas can 
be taken straight from the furnace and 
passed between the poles of the magnet 
to make electricity, instead of being 
used to boil water to make steam to 
drive a turbine. The gas used can be 
either the exhaust gas from a coal or 
oil furnace or perhaps the inert gas used 
to cool a nuclear reactor. However, the 
disadvantage is that either kind of gas 
conducts electricity far less efficiently 
than copper wire does. So a correspond- 
ingly greater magnetic field is required 
to deliver an equivalent amount of power. 


Gtute ate 


SAL BTS 


By JOHN NEWELL 


Still, there are two ways of making 
the gas conduct more electricity and so 
raising the efficiency of an MHD gener- 
ator. One is to raise the temperature of 
the gas, which also raises its conduc- 
tivity. The other is to “seed” the gas 
with a substance which itself helps to 
conduct electricity and also assists gas 
molescules to split up into charged par- 
ticles, which then conduct electricity 
more easily. 

In 1964, Britain’s Central Electricity 
Generating Board (CEGB) announced 
that it was developing what is called 
an “open cycle’ MHD system. This is 
an experimental generator in which the 
gases from a coal or oil furnace are led 
away and accelerated between the poles 
of a magnet, the current being picked 
up from electrodes placed on either side 
of the duct beyond the magnet. This 
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system, one of the world’s more am- 
bitious, is called open cycle because the 
exhaust gases from the furnace are 
allowed to escape once they have been 
used. 

The International Research and De- 
velopment Company (IRD), at New- 
castle-upon-Tyne, is developing the alter- 
native kind of MHD. This is the “closed 
cycle” system, in which the same gas 
is used over and over again to make 
power. In theory, the closed cycle 
system is best suited to making MHD 
power from a nuclear reactor. This is 
because helium, which is one of the 
gases used to remove heat from reactors, 
can be easily re-cycled. 

There are obvious economies in using 
the same gas over and over again. Not 
least is the fact that the expensive seed 
material can also be used over and over 
again. But the snag here is that it has 
so far been impossible to raise the tem- 
perature of helium from a nuclear re- 
actor high enough to conduct a useful 
amount of electricity. 

At the moment there is a big gap 
between the highest temperature to which 
a nuclear reactor can raise helium and 
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the minimum temperature at which 
helium can be persuaded to conduct a 
reasonable amount of electricity. The 
experimental Dragon reactor, built in 
England by twelve European nations in- 
cluding Britain, at Winfrith Heath in 
Derset, uses specially-designed elements 
to heat helium gas up to around 750 
degrees Centigrade. 


Until early in 1964 it was believed 
that the lowest temperature at which 
helium could conduct sufficient electricity 
to make MHD economical was 1500 
degrees Centigrade. Then IRD an- 
nounced that they had succeeded in 
lowering that temperature to around 1200 
degrees Centigrade by using a special 
seed and a new design of the gas duct 
past the magnet. The “temperature 
gap” which nuclear scientists and en- 
gineers all over the world are now 
trying to bridge, was reduced from 750 
to 450 degrees. 


This still leaves a long way to go, but 
promising attempts are also being made 
to try to bridge the gap from the other 
end. To produce a helium temperature 
of 750 degrees the actual fuel core of 
Dragon was allowed to heat up to 1500 
degrees. This proved so successful, and 
so easily within the bounds of the re- 
actor’s abilities, that the international 
team of scientists at Winfrith are now 
running the reactor up higher still to 
2000 degrees. This will raise the helium 
temperature at least a further 100 de- 
grees, and cut the gap down to around 
350 degrees. 
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Mr. Appliance Manufacturer — 
Mr. Dealer — 

We specialize in this tield and 
manutacture a tull range of interference 
suppressor inductors for use both 
internally and externally on equipment, 

Line cord filters are also available 
in 1, 3 and 65 amp. 


? 


Write .for i/ustrated booklet 


Inductance Speciafists .. 
Cameron Rd. South wlereerton, Tauranga 
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AWA HIGH FIDELITY 


Circuit and Service Data 


DESCRIPTION 


The A.W.A. Mk. II Tuner is designed to provide 
the best possible results from AM Broadcast Band 
Transmissions. The circuit employs an RF Stage, 
the coils of which are damped to provide a wide 
pass band. The IF Stage uses ‘‘Bottom Coupled’’ 
IF coils to provide two degrees of selectivity, the 
second detector stage is fed into a Cathode Follower 
which enables long output cables to be used with- 
out impairing the High Frequency response. 


6BY 7/EF85 6AJ8/E CH 81 


F /15 B 
C0505 HD 
eel 


FM/BY-Y 
9000000 


EM 84/6FG6 


TUNING INDICATOR 


HT+ 


AM TUNER 


TESTING PROCEDURE AND ALIGNMENT 


IF Alignment 

Set generator to 460 Ke/s and with selector 
switch in sharp position, align IF’s in normal 
manner for precise peak. 

Switch to broad position and check displaced 
peaks by swinging generator, peaks should be 10 
Ke/s displaced from centre for even amplitude; if 
necessary, make slight adjustment to IF.1 and IF.3 
to satisfy this condition. 
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MODIFIED CIRCUIT TO INCREASE OUTPUT VOLTAGE 
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3. 
-10 Ke/s — —— et IOIKC/s at 4. 
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5% at 80% modulation. 
15% 


at 100% modulation. 


Output Voltage with Input 100,000 Microvolts: 


Even 
Amplitude Audio Output Voltage measured at Tuner output 
socket (400 eps.). 
.O7 Volts with 30% modulation. 
= ee .27 Volts with 100% modulation. 
Sensitivity: 
, Sensitivity for 12 db (4 to 1) signal to noise ratio 
RF Alignment ; Age modulation on/off— 
1. Selector switch in sharp position. 1,400 K/e 20 Microvolts. 
2. Set pointer to 1,400 Ke/s and align mixer and 1,000 K/e 14 Microvolts. 
RF Trimmer for maximum output. 600 K/e 7 Microvolts. 


3. Set pointer to 600 Ke/s and adjust antenna and 
interstage coil slugs for maximum output. 


Tube Complement: 


One 6BY7 (EF.85) — R.F. Amplifier. 
TECHNICAL SPECIFICATIONS (ne 6AS8 (ECH.81) — Converter. 
Frequency Response: (ne 6DAG (EF.89) — IF Amplifier. 


Overall Frequency Response 100,000 micro-volts in- 
put at 1 megacyecle. 

Flat from 20 eycles to 7,500 cyele. 

Minus 2 db at 10,000 cycles. 

Minus 20 db at 15,000 cycles. 
(Broad position). 


One 12AX7 (ECC.83) — Demodulator and Cathode 


Follower Output. 


One OA.150 — Germanium Diode, AVC Rectifier. 
One 6X4 — Rectifier. 
One EM84/6FG6 — Tuning Indicator. 


Power Requirements: 
20 watts. 


Distortion: 
Overall Distortion (400 eps.). Dimensions: 
4% at 30% modulation. Length 133 inches. Depth 64 inches. Height 33 inches 


AWA RADIOLA RADIO 


Model PZ22 


Circuit and 


Service Data 2 


ALIGNMENT INSTRUCTIONS 
Equipment required :— 


(a) A signal generator to cover 450Ke/s_ to 
1500Ke/s, modulated 30% at 400 or 1000 
¢.p.8. 

(b) An output wattmeter with a range of 
0-2.0W to mateh 25 ohms impedance. 

(¢) A non metallic trimming tool suitable for 
adjusting the LF.T. and oscillator coil cores. 

(d) A 10 p.f. capacitor for injecting signals into 
the tuned aerial circuit and a 6.8K resistor 
for desensitizing the receiver during R.F. 
alignment. 

The signal generator should be switched on 

at least 15 minutes before beginning alignment. 

Set the receiver volume control to maximum. 

During the alignment, the signal input should 

be adjusted td maintain the output at 500mW 

each time a trimming adjustment is made. The 
tone control should be set to maximum treble 
response. 


—- 
77 
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Audio Circuit 

1. If the output pair of transistors (117’s) are 
replaced, readjust the quiescent battery current 
to 23m.A., under no signal and minimum volume 
conditions, with RV3. 

2. Audio sensitivity should be better than 500mW 
for 20mV to the top of the volume control at 
1.0Ke/s. 


3. Audio output should be greater than 2.5 watts 
into 25 ohms. 


4. At 1.0w output total current drain should be 
300mA + 20 mA. 
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pointer lines up with the edge of the light track 
at the low frequency end of the scale. 

2. Adjust the oscillator coil (T2) core at 600Ke/s 
and oscillator trimmer (CT3) at 1500Ke/s for 
max. response. 

3. Adjust the R.F. transformer (T1) core at 600 
Ke/s and R.F. and aerial trimmers (CT2 and 
CT1) at 1500Ke/s for max. 

4. The ferrite rod is unlikely to require adjustment, 
but, if necessary the coils L1 and L2 should be 
moved along the ferrite rod for maximum out- 
put at 600Ke/s and then re-sealed with wax. 


5. Check alignment at 1000Ke/s. 
LF. Alignment ‘ ‘ 
1. Set signal generator to 455Ke/s and receiver to 
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signal into the base of the converter. fi R.F. Coil 1-2 9 
2. Tune 3rd I.F.T. to peak nearest circuit board. e ein! 
orep imary and second f 2nd LET | a athe 
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Temporarily disensitize the receiver by con- 4-6 1.7 ‘ 
necting a 6.8K ohms resistor between the junction TG Driver Transformer 2-3 160ae 2 
of R14 and C16 to chassis. 1-6 COlene. 
Connect signal generator via a 10 p.f. capacitor 4-5 Osaueen 
to the tap on the tuned aerial coil winding. 17 Output Pri. each half 0.9 4 
1. Cheek that when the gang is fully meshed, the See. 1Bs oe 
a: R3 +8K fs 6-7v R30 560 9-0 ay 
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Test 


Avo electronic testmeter 


A 56 range valve voltmeter for the 
electronic engineer capable of making a 
very wide range of measurements not 
normally covered by this type of in- 
strument. The measuring circuits employ 
very high input resistances even when 
low voltage ranges are in use. 


Avo valve Tester, Type 160 


This portable instrument will check most 
standard receiving or small transmitting 
valves and will produce accurate read- 
ings of mutual conductance. It can be 
easily operated by an unskilled person. 


There is also a full range of AVO Meas- 
uring and Precision Instruments. 
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Accurate, dependable 


INSTPUMANES you can trust 


Avo Electronic Multimeter 


This 95 range instrument consists 
basically of a highly stable balanced 
valve d.c. millivoltmeter with a full scale 
sensitivity of 250 mV, a radio frequency 
diode head, a decade radio-frequency 
amplifier, voltage multipliers, shunts, 
wattage load circuits and a _ valve 
stabilised power supply. 


Avo universal measuring bridge, Type 1 


A self-contained mains driven model, 
this instrument has 24 calibrated ranges 
for the measurement of resistance, 
capacitance and induction. 
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Avo valve characteristic meter, Mk. IV 


A most comprehensive bench type Valve 
Tester which will test most standard 
receiving and small power transmitting 
valves on any of their normal character- 
istics under conditions corresponding to 
any desired set of d.c. electrode voltages. 


Avo transistor analyser 


A portable or mains instrument for 
measuring transistor parameters in the 


grounded emitter configuration. 
Ranges: Current: 0-100 uA, 0-ImA, 
0-10mA,0-100mA, 0-1A. Voltage: 0-1.5v, 
0-15v, 0-150v, with a sensitivity of 
20k ohms. The movement is protected 
against damage by overloads. 
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AUCKLAND - 


Included this month you will 
find a dissertation on hi-fi ampli- 
fiers by T.C.K. In the course of 
it he makes a plea against ill- 
considered modifications to com- 
mercially produced equipment. In 
this respect I must heartily con- 
cur, always assuming that the 
original design is beyond reproach, 
that is. 

Unfortunately even in these en- 
lightened days it is not always 
possible to take this for granted. 
So partly by way of a contrast 
and partly because I feel rather 
strongly about the matter I am 
going to speak out against the 
poor design and construction of 
a locally produced P.A. type amp- 
lifier, or rather two of them. 

Examine then if you will, the 
accompanying diagram of the cir- 
cuit of the phase splitter and out- 
put section of one of these amp- 
lifiers, and see if you agree with 
my criticisms. 

The first and most obvious 
fault is that the phase splitter is 
running without any bias. 

Secondly even with bias, the 
value of the plate and cathode 
load resistors do not fall within 
the limits of the recommended 
operating condition published by 
any valve manufacturer. Remem- 
ber the valve is a high » triode 
with a plate resistance of between 
60K and 80K. Even at the mini- 
mum permissable value (47K) of 
load resistor with 250 volt supply 
the total harmonic distortion is 
7% at full output, and in this case 
the load was only 27K. One gets 
the impression that the load re- 
sistors have been reduced to such 
a low value in an attempt to se- 
eure a higher plate voltage under 
the conditions of excessive plate 
current brought about by the lack 
of bias. 

Thirdly there was a steady and 
very noticeable hum caused by the 
presence of an earth loop between 
the grid return of the 3rd stage 
and its own cathode earth point. 

Lastly the omission of stopper- 
resistors on the EL&4 output 
valve grids is surely inexcusable 
when such valves boast a mutual 
conductance of 11.3mA/V. With- 
out grid stoppers there is the ever 
likely possibility of their ‘‘taking 
off’’ at the slightest provocation. 

All in all a poor show but worse 
is to follow. At least in the above 
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case none of the above ‘‘blues’’ 
caused the amplifier to be inoper- 
able whereas in the second case a 
new amplifier proved to be virtu- 
ally unusuable solely due to poor 
design, as distinct from any fac- 
tory fault. 

The amplifier in question was 
installed in what can best be 
deseribed as a mission hall and 
shared a place of honour with a 
tape recorder and an electric or 
rather electronic organ. Wondrous 
are the uses of electronics — even 
unto the salvation of mankind! 

When first installed the amph- 
fier proved to have a most fright- 
ful hiss coupled with an equally 
objectionable hum which could be 
heard all over the hall. In addi- 
tion the volume control was almost 
unususble due to its effective 
range being restricted to the first 
few degrees of rotation. This was 
co bad that the first notch cor- 
responded to almost ‘‘full bore’’ 
As the hiss and hum were appar- 
ent with the volume control at 
zero it seemed likely that there 
was too much gain after the 
volume control, and judging by 
the behaviour of the volume con- 
trol just too much gain, period. 
Furthermore the darned thine 
picked up every stray click, pop 
and crackle imaginable together 
with the odd VHF mobile service 
thrown it. It was not even pos- 
sible to run the organ at the same 
time without it interfering with 
the amplifier. What could be 
done ? 

An examination of the valve 
line-up confirmed the suspicion 
that the overall gain was exces- 


sive es there were three halves 
of ECC 83’s in cascade the last 
one being a high gain phase in- 
verter fading push pull EL84’s. 
As an emergency operation the 
last two ECCS83’s were replaced 
with HCC82’s which resulted in 
a considerable improvement and 
allowed the use of the amplifier 
until it could be spered for a more 
complete inve t'gation. Without 
going into teo much detail it is 
sufficient to say that I eventually 
let the two ECC82’s in position 
after altering the plate load re- 
sistors accordingly. It was also 
necessary to shield some long un- 
shielded grid leads tunning to the 
tone and volume controls, in fact 
there wasn’t an inch of. shielded 
erid wire anywhere originally. 

Well so mueh for that, and I 
can only say f£ find it surprising 
that such poorly designed articles 
ean get on to the market. I’m 
afraid I don’t know of any effec- 
tive way of preventing it either. 
Possibly the suggestion put for- 
ward in the March editorial :— 
‘“What is needed is an association 
within the industry concerned 
vith ethical and technical matters 
and not with Dealer’s Associa- 
tions’’. would be a step in the 
right direction. 


a es 


From time to time imported 
amplifiers still find their way on 
to the service bench. I have now 
had several calls to service the 
‘“‘Tinear Diatonic’’ so suppose 
there are other readers in a 
similar situation. 

Continued on page 37 
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EAS el? Gebietes 


by michael lawrence 


SUNSPOT ACTIVITY 


Sinee the sunspot minimum, about a year ago, 
there has been a gradual, but somewhat erratic, 
increase in the sunspot numbers reported from 
Zurich. The average monthly sunspot number has 
increased from 4.5, around September and October 
of 1964, to a maximum of 26.4 during May 1965 — 
the daily maximum during this month was actually 
82 — however, this figure has dropped back and 
the latest available data, which is for July, gives 
an average for the month of 11.9. Predictions 
indicate that for the remainder of the year, the 
average should range from 20—30. 

The result of this increase in sunspot numbers 
will be a corresponding increase in the maximum 
useable frequency in the shortwave bands, which 
will allow many more stations to operate in the 
higher bands above 15 Me/s. However, at the 
present time, it is too early to expect the increased 
sunspot number to have any effect. 

It is interesting to note the method used for 
obtaining the sunspot numbers. 

Solar observations are made at many astronomical 
observatories around the world, and the informa- 
tion published in the form of ‘‘relative sunspot 
numbers’’. This is arrived at from the formula: 
k(f + 10¢@), where @ is the number of sunspot 
groups and f is the number of spots within these 
eroups. The factor k allows for the variations 
between telescopes and observers. The observations 
from the different observatories are correlated with 
that at Zurich and the final ‘‘number’’ published 
from there. 

Details of solar activity are continuous as far 
baek as 1750. 

Sunspot numbers for the previous month are 
broadeast by the Swiss Broadcasting Corporation 
in all transmissions of ‘‘Swiss Shortwave Merry-go- 
round’’ on the first Saturday after the 3rd of the 
month. 


STATION NEWS 

All frequencies are given in kilocyeles and times 
in GMT. 

PAKISTAN. Radio Pakistan can be heard at good 
strength at 1500 on 9,820. 

GHANA. The External Service of the Ghana 
Radio and Television Corporation broadcasts in 
English as follows :— 

Monday, Wednesday and Friday: 0300 - 0345 on 
6,070; 1500 - 1545 on 21,720. 

Tuesday, Thursday and Saturday: 0480 - 0515, 
0600 - 0645 and 2000 - 2100 on 9,760; 1645 - 1730 
and 1815 - 1900 on 15,285. 

AUSTRALIA. The only changes in the latest Eng- 
lish schedule of Radio Australia are in the trans- 
mission to South and South East Asia where 9,570 
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is now on from 0830 - 1730 and in the South Pacific 
transmission where the closing time of 9,570 has 
been changed from 0915 to 0815. 


FRANCE. Good signals are received from Radio- 
diffusion — Television Francaise on 6,175 and 9,560 
at 0600 when the programme is in French for 45 
minutes. 


NORWAY. The schedule of Radio Norway effective 
from 5th September is:— 0300 - 0430 11,850 9,610 
6,185; 0745 - 0815 17,825 15,175 11,850; 11002230 
17,875 15,175 11,850; 13800 - 1430 17,82aeeio ages 
11,850; 1500 - 1680 17,825 15,175 11,850; 1700 - 1830 
17,825 15,175 11,850; 1900 - 2030 17,8255cps0%5 
11,850; 2300 - 0030 11,850 9,610 6,185; 2100 - 2230 
11,850 9,610 6,185. 

‘‘Norway this Week’’, a programme for English 
speaking listeners is broadcast every second hour 
from 1200 to 2000 on Sundays and repeated at 0000 
and 0400. . 

The Norwegian Home Service is carried on 11,735 
with a transmitter power of 10 kW. 


IRAQ. Radio Baghdad broadcasts in English from 
1930 - 2000 on 6,030 and 6,095, 


TURKEY. The Voice of Turkey at Ankara uses 
the frequency of 15,160 for a transmission in Turkish 
from 2145 - 2200 and in English from 2200 - 2230. 


HUNGARY. English transmissions from Radio 
Budapest are broadeast as follows :— 

To Europe: 1930 - 2000 and 2200 - 2230 on 9,833 
and 7,305 with 7,215 and 6,234 being additional 
frequencies for the second transmission. 

To North America: 0030 - 0100 and 0130 - 0200 
on 9,833 9,540 7.305 and 6.234; 0300 - 0330, 0330 - 
0400 and 0430 - 0500 on 9,833 7,305 7,215 and 6,234. 


GERMANY. 5,970 5,985 and 6,105 are three of 
Radio Free Europe’s frequencies which are on the 
air continuously from 0355 - 2400 on weekdays and 
0555 - 2400 on Sundays. Each frequeney carries a 
different foreign language programme. 


SWAN ISLAND. Radio Americas has been heard 
broadcasting a Spanish language programme from 
around 2330 until 0700. Transmitter power is be- 
lieved to be 74kW. and the frequency is 6000. 


CANARY ISLANDS. Radio Nacional at Tenerife 
is reported to be carrying a Spanish language pro- 
gramme on 11,800 from 0000 - 0300. However, this 
channel is used by Radio Nederland until 0200 and 
by Radio Ceylon after 0200. 

From 1430 - 1600 this same station transmits on 
9 660. 


ETHIOPIA. ETLI, The Voice of the Gospel. has 
been heard recently on 9,660 from 1600 - 1630. 


WATCH FOR OCTOBER ISSUE 
A special Marine Electronics feature will contain 
articles on Radar, RT, FM V.H.F., Instrumentation, 
ship-to-shore stations, search and rescue work, 
inverters DC to DC. In addition we will run our 
regular features. 
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Fig. 1. R.I.A.A. playback equalisation curve 
for magnetic and crystal cartridges. 


During development of some fully transistorised 
pre-amplifier circuits, which are to be used as part 
of our new All Silicon Transistor Stereo High-Fi, 
scheduled for publication next month, we came upon 
the problem of making the pre-amplifier suitable 
for use with a Radio Tuner, and Tape playback, as 
well as being compatable with the three basic types 
of pickups which could be used in conjunction with 
the amplifier. 


Transistorised 
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Pre-Amplifier 


Design Considerations 


The three generic types of pickups are :— 

1. The Ceramic Crystal cartridge. 
2. The Rochelle Salt Crystal cartridge. 
3. The magnetic type of cartridge. 

Because the design considerations are intimately 
concerned with the characteristics of these three 
types of cartridges, we intend to discuss this month, 
some of the problems, coupled with some of the 
methods which have been put forward by others, 
to cope with these situations. This is being done 
now, to avoid bringing such discussions into the 
middle of next month’s article. 

To simplify the constructional side of the project 
we intend to publish two alterative pre-amplifier 
circuits, rather than introduce complications into 
one basic circuit to make it work with all types of 
pickups. Whilst this is done in some commercially 
produced units, it is not really necessary, when an 
amplifier will be constructed to fit in with existing 
equipment. Should a reader intend to start from 
the ground up, then he will be able to chose which 
ever particular design will ultimately suit his faney, 
desire or purse. 


1. The Modern Ceramic Cartridge 

Some of the modern ceramic cartridges are cap- 
able of response, quality of reproduction, which 
makes them strong contenders for the position 
wiheh to date has been exclusively held by the 
magnetic High Fidelity Pickup. This is particularly 
true when one considers their price, coupled with 
their compliance, and tracking weight figures, and 
the fact that when used with valve type amplifiers, 
very high input sensitivity is not required. Further- 
more, many of the cartridges are so designed that 
they produe e a near flat audio response from a 
R.1.A.A. recording when operated into the recom- 
mended load. Sut in the case of all transistor 
pre-amps, and some valve circuits, it is this value 
of recommended load which is a stumbling block. 


As the quality of the ceramic cartridge has im- 
proved, so the output levels, in general, appear to 
have dropped; with output figures of from 50 to 
150 my./em./see. being quoted for representative 
types. This voltage is being developed across 
recommended loads of the order of 2 megohms, and 
it is necessary to retain this if the flat response is 
going to be maintained. 

Even with most valve type pre-amplifiers, it is 
unusual to find input impedances as high as two 
megohms. Consequently. if a ceramic cartridge is 


by I. H. Spackman 


connected straight into a normal pre-amplifier with- 
out suitable modification, there will be a loss of 
bass and the treble response and output may be 
affected also. 

In general, both ceramic and rochelle salt type 
cartridges can be operated in one of two different 
ways. 

(a) They can be used in the normal manner, that 
is. working into a high value of load resistance. In 
this way, they operate as amplitude devices, pro- 
ducing a signal voltage output proportional to the 
ah of the stylus movement. 

Alternatively, they can be used as a velocity 
“ae: producing an output voltage proportional 
to the speed the stylus moves in the groove similar 
to a magnetic cartridge. This stylus speed depends 
not only on the amplitude of the programme, but 
also on the recorded frequency. Normally, to obtain 
the velocity effect, the cartridge is operated into 
a low value of resistive load. lying somewhere be- 
tween LOK and 50K ohms. 

Well! vou will say, Don’t worry any further — 
this will be ideal for transistorised equipment. How- 
ever, as the article proceeds, you will find that it 
is not quite as simple as it looks, and that problems 
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ean arise whichever way a ceramic cartridge is 
used. 

The Ceramic Cartridge as an Amplitude Device: 
Generally when we look at R.LA.A. playback 
equalisation curves, we do so from the viewpoint 
of the magnetic cartridge, which requires a large 
amount of bass boost, and treble cut as shown in 
Curve A in Fig. 1. But, from the viewpoint of 
an amplitude response, the R.LA.A. equalisation, 
ealls for a large amount of bass cut, and a moderate 
amount of treble boost as shown in Curve B, Fig. 1. 
Also, we stated earlier, many of the modern ceramic 
cartridges are alleged to produce a tolerably flat 
output from a R.I.A.A. recording. How can we 
reconcile these last two statements? 

First Treble Boost: Like other physical devices, 
the ceramic pickup has natural resonances, and 
these generally occur near the high frequency end 
of the audible range. By proper design, including 
suitable damping, the resonance is controlled, so 
that it approximates the required treble boost as 
in Curve B. Hence the cartridge is indeed, self 
equalising for treble. 

Bass Cut: The ceramic cartridge, and also the 
rochelle salt cartridge are both basically capacitive 
transducers, with typical capacitance values ranging 
from about 300 to 600 pf., although it may go a 
good deal higher. 

Together with the load resistance presented by 
the amplifier, the cartridge capacitance plus other 
circuit capacitances, such as that of the connecting 
cable, and the input capacitance of the amplifier, 
form a simple bass attenuation circuit as mm Fig. 2. 

In this condition, the cartridge can be considered 
as an ideal generator, with zero impedance, working 
in series with a fixed capacity into a fixed load 
resistance. Thus, with the rising reactance of the 
capacitance with decreasing frequency, the bass 1s 
attenuated. 


Fig. 2A. Typical ceramic 
cartridge circuit. 
CL. Extra capacity 
loading for 
less than 2 meg- 


ohms. 
Cy 
eo | erie 
Ce 


Fig. 2B. Equivalent circuit 
of 2A. 


ZERO 
IMPEDANCE 
GENERATOR 


The ceramic cartridge is not completely self- 
equalising in the bass region because it is very much 
dependent on the load resistance, and moderately 
dependent on the other circuit capacitances. If we 
want to reproduce the R.LA.A. characteristic 
through the bass region, it is necessary to have a 
cartridge and stray capacity/load resistance time 
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constant value of between 1200 and 1300 micro- 
seconds. <A typical ceramic cartridge readily avail- 
able in this country is the Sonotone 9TA. This 
cartridge requires 100 pf. extra capacity, together 
with a 2 megohm load resistance. This means that 
the capacity of the cartridge is approximately 
1200 x 10—* 
= 600 pf. — 100 pf. = 500 pf. 
Pte hae IN 

It is unfortunate that the capacitance of cartridges 
from various manufacturers are somewhat different, 
but most of those commonly available in this coun- 
try, for example the Decca Deram and the Sonotone 
ITA are approximately 500 pf. Generally the trend 
these days is to specify the load, both resistive and 
capacitively to ensure a relatively level response. 

Now if a ceramic cartridge is coupled across a 
lower value of load resistance, there will be too- 
much bass eut. With our 1200 microsecond time 
constant, the bass will be 3 db down at 130 eyeles, 
following the R.I.A.A. characteristic quite closely 
down to quite low frequencies. If we try to feed 
this same cartridge into a load of say 4 a megohm 
(300 microsecond time constant) then the bass will 
be 3 db. down at 500 cycles, and almost gone at 
50 eyeles. 


Fig. 3. Equivalent circuit of 
capacitive voltage 
divider formed by 


. ZERO 
cartridge capaci- 
tance, and stray plus 'MPEOANCE oe 
deliberate loading. SENERATOR 2 
Cc — Cartridge ca- = 
pacitance. 2 
Cs — Stray plus 


deliverate loading. 


This problem has two solutions (1) Inerease the 
load resistance, or (2) increase the circuit eapaci- 
tance. The first is not a practical proposition with 
transistors, so the second choice is the obvious one. 
How do we ealeulate the value of this extra 
capacitance ? Assume that the cartridge eapaci- 
tance is 500 pf. as before, with cable and stray 
capacitance? Assuming that the cartridge capaci- 
load resistance is $ megohm, to obtain a time ¢on- 
stant of 1200 microseconds, the total capacitance is 
1200 x’ 10-% 

= 2400 pf. 
5 x 10° 

Therefore it is necessary to add 1800 pf. Now 
putting a capacitor across the cartridge will also 
tend to reduce the overall signal level, thus minimis- 
ing any problem of overload. This is particularly 
important if a transistorised pre-amp is contem- 
plated with its likely maximum signal handling 
ability of 100 mv. or so. The equivalent circuit of 
the capacitances is shown in Fig. 3, acting as a 
capacitive attenuator. These values given above, 
produce almost 14 db. of signal attenuation, that is, 
a reduction to nearly 1/5 of the original level. 

The Ceramic Cartridge as a Velocity Device: We 
have discussed the treatment of the ceramic eart- 
ridge as an amplitude device — what of the second 
method we suggested; that of operating the cart- 
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ridge into a low impedance load, thereby converting 
the system into a velocity device. This, as explained 
earlier is not as simple as it first appears. The 
reason for this qualification is to be found in the 
presence of the built-in treble response, which gives 
the treble boost correction when the cartridge is 
operated as an amplitude device. 

With a small resistor in series with the cartridge 
capacity, we get the same effect as we had present 
in the case of the bass cut, but the very small re- 
sistor causes the high pass effect to be present 
through the whole of the audio range, thus pro- 
ducing a rising response at the rate of 6 db. per 
octave, similar to the magnetic cartridge. In order 
to avoid excessive treble boost around the frequenc- 
ies where the natural resonance effects appear, it 
is necessary to limit the rising characteristic at 5000 
eyeles or so, with the response levelling off above 
this. To do this, it is necessary to produce a circuit 
with a time constant of about 32 microseconds. 

For example, if the cartridge and other circuit 
capacitances total 600 pf., the appropriate load re- 
sistor works out about 47K. ohms. This is not the 
only problem however, as the signal from the 
cartridge is generally great enough to overload the 
first stage if it is a transistor unit. Therefore it 1s 
necessary to reduce the signal voltage by some form 
of voltage divider. Hither a resistive 10 to 1 divider 
can be used, or alternatively a capacity can be 
placed across the circuit as we did with the ampli- 
tude system, and then lower the resistance to main- 
tain the 32 microseconds time constant. 

For example, we can add 2700 pt. to our hypo- 
thetical 500 pf. cartridge and lower the load resis- 
tance to 10k ohms, thus still maintaining the 30 
microsecond time constant but attenuating the signal 
level to about 1/6 of its former value. 

Now, however, we must also provide compensa- 
tion for a magnetic type pickup to correct for the 
R.1.A.A. curve. This seems to be rather a long 
winded way of obtaining the desired result. 


2-STAGE 
AMPLIFIER 


Fig. 4. Equivalent circuit of 
loading to maintain 


[sess . INPUT 
IMPEDA circuit time  con- 
50 rhe stant at 1200 micro- 
K seconds. ; 


Is there any other way — yes there is; and 
readers will probably have seen it by now. With a 
load of say 50 k. ohms, what capacitance is 
required to produce a circuit time constant of 
1200 microseconds. Using our formula as before 

1200 x 10—* 
GC = ———_—_——_ =. .024_ mfd. 
sR teh 

If this capacity is placed across our 500 pf. cart- 
ridge we will get nearly a 50 :1 voltage division. 
Thus our eartridge with an output of 100 mv., 
will yield about 2 mv. at the preamplifier input 
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socket. This method has been recommended for 
transistor applications, but requires at least two 
low noise transistors operating in tandem to bring 
the level back to the level originally produced by 
the pickup, (see Fig. 4.) 

Noise is not a real problem, because of the low 
circuit impedances. The pickup still operates as 


an amplitude device, and therefore frequency com- 
pensation is not required. 

A modification of this system, shown in Fig. 5, 
is typical of a number of current transistor designs 
such as those published by Towers?, Mullard 7, Simp- 
son® and others. 


TRANSISTORS TYPE —12V 


2N2613 12K 33 K 


Fig. 5. Typical pre-amplifier showing capacitive feedback loading (after 
Simpson. Radiotronics 1963). 


Here the large capacity loading is obtained by 
substantial capacitive feedback from collector to 
base of the first stage. This first stage is direct 
coupled to the second stage, and the D.C. conditions 
of both transistors are determined by the D.C. feed- 
back from emitter of the second transistor to the 
base of the first transistor. Here again, two low 
noise transistors are required to raise the signal 
level up to about 100 mv., for application to the 
succeeding stages. 


Practical Pre-amp Design: So far most of the 
preamplifier designs have utilised low noise german- 
ium transistors with their temperature sensitivity 
and collector-base leakage current problems. — It 
has therefore been necessary to keep the base circuit 
resistances relatively low, for good stability to be 
maintained. Recently however, a range of low noise 
NPN silicon transistors were released in New Zea- 
land. Apart from all the normal redeeming features 
of silicon transistors, these new types have Ft 
figures of 60 megacycles, typical current gains of 
150 or more, and are available at what one normally 
considers as germanium prices. With some samples 
of these, we took another look at the pre-amplifier 
position as it affects both ceramic and erystal pick- 
ups. 

Consider a single emitter-follower amplifier with 
A.C. feedback from the emitter to the bottom of 
the base bias resistor (some call this a bootstrap 
emitter-follower), such that the input impedance of 
the device approaches } megohm. Then using this 
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figure and calculating the loading capacity to main- 
tain a circuit time constant of 1200 microseconds 
we find that we need about 1800 pf. parallel capacity. 
The capacitive voltage divider so formed gives 
about 14 db (5:1) voltage reduction and with the 
shunting effect of the parallel capacity, very little 
noise is produced, so that a 100 my. output pickup, 
reduced to one-fifth or approximately 20 my. still 
gives a good signal to noise ratio. For simplicity 
such a circuit would be hard to beat. We get our 
amplitude loading, and a low impedance service to 
feed into the succeeding stage via a tone control, 
volume control or whatever is desired. 

Such a circuit will also suit a conventional crystal 
pickup. With the capacitive divider present there 
is no likelihood that the higher output, normally 
produced by such pickups, will cause any overload 
effects, apart from the fact that the emitter-follower 
is extremely tolerant to applied signal level because 
of the follower action. 


2. Rochelle Salt Crystal Cartridges 


In general what has been said about ceramic 
cartridges, also applies to the conventional erystal 
cartridge. The loads required for flat response are 
generally between } and 13 megohms, corresponding 
to transducer capacitances of 750 to 2000 pf. or so. 
Nowadays, in line with the general improvements in 
other types of cartridges, the modern crystal pro- 
duces less output than its predecessors, but also is 
capable of much better frequency response char- 
acteristics. A typical example is the Ronette Stereo 
105 cartridge which has a stated frequency response 
of 30c/s to 12Ke with a sensitivity of 250 mv./em./ 
sec. Its recommended loading is 1 megohm shunted 
by 100 pf. 


3. The Magnetic Cartridges 

There are quite a few of these being used now in 
conjunction with good Hi-Fi equipment in this 
country. 


As mentioned before in conjunction with the 
velocity loading of a ceramic cartridge, the com- 
pensation required to correct a magnetic type eart- 
ridge for R.I.A.A. recording characteristic is bass 
boost and treble cut. The typical resistive load for 
these cartridges is in the vicinity of 50K. ohms, and 
the output ranges from 1 to 5 my. One method of 
treatment for pre-amplification is to use the fact 
that a magnetic cartridge is effectively a generator 
with an inductive source impedance. If such a 
generator is fed into a low impedance resistive load, 
the load voltage will drop with increasing frequency. 
In other words, the pickup cartridge can be visua- 
lised as a voltage generator in series with an in- 
ductor, whose reactance decreases as the frequency 
decreases. At very low frequencies the inductive 
component is so small that it does not affect the 
generator voltage appearing across the load. As 
the frequency is inereased, provided the load is 
relatively small, less voltage will appear across it 
because of the increasing reactance (resistance) of 
the inductive part. This then gives an approach 
to the correct compensation for the R.LA.A. curve. 
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Most magnetic cartridges designed to work into 
medium impedance loads will probably have suffici- 
ent internal inductance to produce a great propor- 
tion of the required boost. The addition of some 
supplementary compensation in the form of a 
frequency selective feedback network, usually fills 
the bill nicely. (See Fig. 6.) 


Hi 


ALL etd ee 


Fig. 6. Preamplifier for magnetic pickup utilising the internal inductance 
of the pickup for frequency compensation. (After J. Rowe — 
R.T.V. and H., August). 

A second method is to create an input impedance 
of the order of 50K. ohms, and provide all the fre- 
quency compensation by means of frequeney selee- 
tive feedback. Whilst the first method mentioned 
above is ideal for use specifically as a remote, 
(under motor-deck), mounting; low noise, and hum 
free preamplifier, solely for a magnetic pickup, it 
does not lend itself so well to inclusion as a ‘‘pre- 
amp’’ where other devices such as a radio tuner, a 
tape playback head, or even a erystal pickup may 
also be employed. There has also been some sug- 
gestion that the full compensation method may give 
somewhat smoother response, but this has not been 
investigated in detail by the author. 


The cireuit developed is basically quite simple. 
Onee again the new silicon transistors are used and 
a two stage direct coupled amplifier is employed 
with the first stage base resistor returned back to 
the emitter, in a ‘‘boot-strapped’’ manner to give 
a high input impedance. This enables us to shunt 
the input with a resistor to bring the impedance 
down to the desired level. 


Frequency selective feedback is provided from 
the second collector to the first emitter, via a 
capacitor which controls the bass response, and a 
parallel combination of a resistor and capacitor 
which respectively set the level at the cross-over 
point, and control the high frequency roll-off. 


This design is capable of handling quite a high 
level before overloading occurs, but this is depend- 
ent mainly on the supply voltage available. 


Continued on page 33 
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Mobile Communications 
Part IV 
by Countryman 


AMPLITUDE MODULATION versus 
FREQUENCY MODULATION 


Nearly all the mobile communication in the VHI* 
bands in New Zealand uses amplitude modulation, 
that is the type familiar to us all from standard 
broadeasting. In this respect N.Z. is out of step 
with the rest of the world where the majority of 
land mobile on VHF is frequency modulated. It is 
no secret that the Post Office, who in this country 
are the licencing authority, have refused the use 
of frequency modulation for mobile, up until fairly 
recently, although curiously enough they are an 
extensive user of FM on their own point to point 
eircuits. 

In the last few years however, a number of 
users have received approval for the establishment 
of mobile networks using FM, and there is no doubt 
that its use will grow because it can, in some cir- 
cumstances, offer definite advantages over AM. 
Indeed there are services where its use can be the 
difference between a good service and virtually no 
service at all. 

Most people are familiar with the use of I*M 
for the sound part of TV, and its use overseas for 
VHF hi-fi and stereo broadcasting, but its use in 
mobile communication is not so well known. With 
TV and FM broadeasting a deviation ratio (maxi- 
mum deviation frequency divided by maximum 
modulation frequency) of about 5 is used. That is 
with an audio bandpass of up to 15ke/s the greatest 
deviation will be + 75 Ke/s. A number of different 
standards are in use for Mobile, depending largely 
on the country concerned. Older systems are based 
on the wide (50Ke/s) channelling and use a 3 ke/s 
audio bandwidth with 15Ke/s deviation. Newer 
systems use the 3kc/s bandwidth, but the deviation 
has been reduced to 5ke/s, a deviation ratio of 
about 1:7. With this type of system channelling 
may be reduced to 25 Ke/s, which, with present day 
state of the art, appears to be the limit if any 
advantage is to be gained from the use of FM. 
Incidentally this channel spacing is only now com- 
ing into use for AM in N.Z., and it means that given 
reasonable geographical spacing quite a few coin- 
cident channels may be used. 

FM differs from AM in that when the carrier is 
being modulated the sidebands extend, in theory 
anyway, to infinity, as opposed to AM where the 
sidebands only extend out from the carrier as far 
as the highest audio frequency, on both sides, of 
course. In practice of course it isn’t necessary to 
have an infinite bandwidth, and the CCIR define the 
FM bandwidth as (2Fm + 2Dk) where Fm is the 
audio bandwidth and Dk is the maximum deviation 
frequency, so that for the narrow band system 
mentioned above the bandwidth would be 16Kc/s, 
or in eode 16F3. To this bandwidth would have to 
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be added the tolerance of the centre frequency 
permitted. For instance if the permitted tolerance 
is 0:0005% then at 150 Mc/s the carrier may be as 
far as + 1:5 Ke/s away from the nominal frequency. 

What advantages does FM offer over the con- 
ventional AM system? First and foremost is the 
generally improved reception. With AM the signal 
to noise ratio falls off as the signals weaken until 
the modulation no longer is easily readable. With 
signals of the order of a microvolt or so the signal 
noise ratio may be well below 10dB. With FM, 
beeause of the inbuilt limiting effect, this fall off 
is not so noticeable. Provided the signal is over 
a certain level (the onset of lmiting) the signal 
to noise ratio will be more or less constant. Thus 
with a well designed FM receiver signals as low as 
1 microvolt will produce s/n ratios of 20dB or 
better. Secondly there is no gradual fadeout of 
signal as you move away from the base station. 
The signal remains clear until the limiter ceases to 
operate, and then ceases to be readable. A pretty 
definite service area can therefore be set to the base 
station. 


Ignition interference, always a bugbear where 
signal strengths are low is not so troublesome on 
FM, provided that the limiter is being saturated 
by the wanted signal. Even when signal strengths 
are quite low the effect of ignition or other impulse 
noise is to produce an audio ‘‘hole’’ or to blank 
the signal, rather than to produce the loud buzzing 
heard in AM sets. 

A very important effect of FM is the ‘‘Capture 
Effect’’. I have seen this defined in several ways 
but for the purpose of this article I will use the 
term to mean the ability of the strongest signal on 
any frequency to capture the detector, and to sup- 
press the other signals on the frequency. Putting this 
into practical terms, let us imagine two signals on 
the same channel one twice as strong as the other. 
With an AM system the signals will beat together 
(Provided they are not exactly on the same fre- 
queney) and provide a very strong audio note. 
This tone will usually be strong enough to make 
the signals unusable. With FM on the other hand 
the stronger signal will suppress the weaker and 
the beat will be reduced far below the audio level, 
the exact degree of suppression depending on the 
efficiency of the limiter circuits. This effect has 
great utility when it comes to covering a large area 
for a mobile system. With AM and FM where the 
area to be covered is larger than can be covered 
with one repeater station it is necessary to use two 
or more. With AM, however, in order to avoid 
the beat notes the carriers must be spaced about 
10Ke/s apart so that the heterodyne is outside the 
audio bandpass of the receiver. With two repeaters 
the bandwidth occupied will be thus 6ke/s + 10ke/s, 
i.e. the same spectrum space as the FM system. 
When three repeaters are required the bandwidth 
for the AM system becomes 26ke/s + the trans- 
mitter frequency tolerance. Brinkley has shown 
that to give complete area coverage four different 
repeater frequencies are needed, thus extending 
the bandwidth of the system to the order of 40 ke/s. 
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OUTPUT TRANSFORMERS 
to your requirements 


by a 


We Manufacture many types of Output Transformers for New Equipment and Replacement Repair Work. 
WINDINGS AVAILABLE FOR OP1-14 and OP18-22 INCLUSIVE 


Type No. Wattage Impedance Ratio Bobbin Size Colour Code Mounting 
7OP1 3 5K/3 ohms 9/16 Square Red Clamp 
FOP2 3 1K7/3.,. Ws 9/16 + Yellow rH 
+OP3 3 10K /3 Ee 9/16 x White PA 
+OP3 C 3 10KCT/3 ohms 9/16 ae White 53 
FOP4 6 5K/3 es 3} Square Red s 
TOPS 6 7K /3 7 i A, Yellow y 
+OP6 6 10KCT/3 + 3 i White » 
+OP7 6 14KCT/3 a. i es Black $3 
+OP8 4.5 5K/3 ie 11/16 x 13/16 Red te 
FOP9 4.5 71K /3 “- 11/16 x 13/16 Yellow is 
FOP10 4.5 10KCT/3 * 11/16 x 13/16 White ” 
TOPII 4.5 14KCT/3 i 11/16 x 13/16 Black 
tOP12 4.5 Universal 11/16 x 13/16 — “= 
FOP 13 6 Universal 3x } _~ ” 

FOP 14 10W Universal %#x fF a » 

OP15 20 SKCT/Univ. exe 1S — Side covers & feet 

OP16 20 6.6K-CL .. iter as qa ES — ” 

OP17 20 10K CTs 122) x i+ = ” 

OP21 2W 5K/3 te Red Windings Only 

OP22 2W 71K/3 42? Yellow ” ” 

OP23 35W SKCT/Univ. 2 xt _— Covers & Feet 

OP24 35 66KCI/ i. 2” x 14 — ” ” 

OP25 35 10KCiA ides cae S — » » 

OP26 15W Hifi 5KCT/15 ohms 2” x 14 — ” ” 

OP27 15W Hifii 8KCT/15_,, Pees eet 2S = ” ” 

OP28 15W Hifii 10KCT/15 __,, 2 Yek A+ 4 ” ” 
ULTRA LINEAR TYPE 

OP29 20W 5.6KCT/15 ohms 2 & it — ” ” 

OP30 20 8 5KCT/i50 JIS ae! _ is 7 

OP31 20 1OKCT/15__,, 2? x 14 — +? - 


LOW POWER EXTENDED RANGE 


OP32 6W 8KCT/7 ohms 137° x 4 _— Clamp 
OP33 6W SKCT/AISES, i eeep ar _ Clamp 
OP34 3W Universal 9/16 x 9/16 = ” 
OP35 6W 10KCT/15-7.5-3 ohms ete — ” 
OP36 

OP37 ( 8W U/L 9KCT/15-7.5-3 ohms ee _ =F 
OPS0 ) 10W stereo 


Auckland Transformer Co. Ltd. 


20 EDEN STREET, NEWMARKET, AUCKLAND 
TELEPHONE 51-307 — — a — —— TELEGRAMS: “TRANSFORMA,” AUCKLAND 
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In addition the receiver bandwidth must also include 
this range, and as is well known the wider the 
bandwidth of a receiver the more noise it lets in, 
so that the system is going to suffer some degred- 
ation of performance from this cause. 


On the other hand, all the FM system’s repeaters 
may be placed on the same frequency, and there is 
no increase in bandwidth for a multiple repeater 
system. There will be some audible interference 
between repeaters, but in actual practice, this is 
unlikely to reach serious proportions even in areas 
of approximately equal field strength, because a 
movement of only a few inches is going to cause 
big variations between the signals so that one or 
the other will predominate. 

It will be seen from this discussion that one of 
the big arguments put up against FM, that it 
wastes spectrum space, is not always the case, and 
indeed where a large area is to be covered, or an 
area where signal attenuation is likely to be high, 
such as in a forest, the use of FM will actually con- 
serve spectrum space. 

Most mobile systems work on a ‘‘repeater’’ basis. 
That is the incoming signal from the mobile or the 
base station is received, processed and_ retrans- 
mitted on another frequency. This means that there 
is no direct communication from set to set, even 
when they are adjacent. All stations transmit on 
‘*A’’ frequeney which is received at the repeater 
site, and reradiated on ‘‘B’’ frequency to which all 
receivers are tuned. This enables the repeater to 
be located at a suitable point to. provide area 
coverage, such as on top of a high hill or mountain. 
Signals which arrive here are likely to vary a good 
deal in strength, and the receiver must accept a 
wide range of signals and still modulate the trans- 
mitter fully. This is likely to involve complex 
limiting systems in AM. With FM on the other 
hand provided the limiting stage is operated by 
the incoming signal the output of the receiver will 
remain within a dB or so of standard level and is 
repeated with virtually no loss of quality and with- 
out any fading. The repeater won’t mind if its 
vetting 1 microvolt or 100 millivolts so long as the 
limiter stage is saturated. 

Readers will probably gather by now that I am 
an F'M fan. I have heard several of these systems 
in operation and discussed them with both users 
and technicians. Users are unanimous in preferring 
them to AM systems, and although this can perhaps 
be taken with a grain or two of salt, the technician’s 
opinions are about the same. In addition they say 
that the FM system is easier to maintain than the 
equivalent AM system, largely because of its toler- 
ance of signals of widely varying strength. 

Overseas it is becoming practice for mobiles in 
vehicles to be interconnected with telephone systems. 
The advantages of this to people like doctors, fire 
chiefs, and police should be readily apparent. The 
Post Office is very jealous of the high standard of 
speech quality allowed on its lines. and if mobile 
phone systems are to be used in N.Z. then it is 
likely that only FM will provide the consistent 
quality required. 
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Ver) 
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A new concept 
in circuit design _ 
and assembly 
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Veroboard is a universal wiring board manufactured from a 
high grade copper clad $.R.B.P. laminate to very close 
tolerances. Its use enables printed circuit techniques to be 
employed both in the laboratory and in subsequent production 
without the high cost and delays associated with this type of 
work, 


The spacing of the copper conductors and the hole matrix 
conforms with the B.S. and International recommendations, 
enabling a large variety of printed circuit and normal wire- 
ended component to be used to achieve neat and compact units. 

It will be found that the Veroboard Circuit System can be 
used in the construction of any electronic circuit. 


Veroboard is ideal for experimenters . Veroboard is reason- 
ably priced, versatile and re-usable. Production men benefit 
from Veroboard too, it is always available and of consistent 
quality. 


ee ee 
VERORACK 


NEW 
FROM 
VERO 


| rae SS EES 


New extruded guides for use in the Verorack assembly are 
available. Although designed primarily for use with Veroboards, 
the guides will accept any card up to 1/16in. thick. 

All guides are ready drilled for assembly on ties bars, and 
are machined at one end to provide a card lead in, and at the 
other to accept an edge connector. Bankloc 6BA threaded 
inserts are fitted at each end of the guides for attachment of 
an edge connector or to retain a handle. A new design of 
edge connector mounting rail for use with the Verorack assembly 
enables connectors to be positioned wherever required. 


Further information about time-saving Veroboards and 


Veroracks will be given by return mail. 


ELEKON 


(OVERSEAS) LTD. 


174. GREAT NORTH ROAD AUCKLAND 
P.O. BOX 5146 PHONE 16-189 
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R98 T.V. POWER TRANSFORMER 


For R.T.V. & H. 1959 and later T.V. Sets. 
Delivers 260v @ 300mA D.C. Full wave volt- 
age doubler. 
230:115v A.C. @ 300mA D.C. 
:12.6v C.T. @ 5A (2 windings ea. 6.3 @ 
5A). 
:0—6.3—7.5—9 @ .6A. Picture tube wind- 


ing. 
Choke:—C36. Use 400v P.I.V. Diodes. 


R103 Stereo Power Transformer 


R.T.V. & H. Aug. 60. 7w Stereo. 

230:245v @ 150mA. D.C. 
:104v @ 150mA D.C. Voltage doubler Rect. 
:6.3v C.T. @ 5A. 

Choke:—C42. Use 400v P.I.V. Diodes. 


R104 Stereo Power Transformer. 10w 


320v @ 320mA. Voltage doubler Rect. 
230:130v @ 320mA. 

:6.3v @ 6A. 
Choke:—C49. Use 500v P.I.V. Diodes. 


R105 T.V. Power Transformer For Philips T.V. 
Kitsets 


220v @ 420mA D.C. Voltage Doubler Rect. 
230:106v @ 420mA D.C. 
:6.3v @ 10A. 
:0O—6.3—7.5—9 Ov @ 0.3A. Picture tube 
Winding. 
Choke:—C45. Use 400v P.I.V. Diodes. 


R106 T.V. Power Transformer for Philips T.V. 
Kitsets 


This type similar to R105 but less Picture 
Tube boost taps. Main Fils. 12.6v C.T. @ 5A. 
220v @ 420mA D.C. Voltage Doubler Rect. 
230:106v @ 420mA D.C. 

:12.6v C.T. @ 5A (2 windings 6.30v @ 5A 

each). 

:6.3v @ .3A Picture tube winding. 
Choke:—C45. Use 400v P.I.V. Diodes. 


(| SILICON DIODE POWER TRANSFORMERS 
4 AVAILABLE FROM BEACON RADIO LTD. 


R108 Small Stereo Headphone Power 
Transformer 


250v @ 22mA D.C. 

230:110v @ 22mA D.C. Voltage doubler Rect. 
:6.3 @ 0.86A. 

Choke:—C41. Use 400v P.I.V. Diodes. 


R110 T.V. Power Transformer. For Philips T.V. 
Kitsets 


This transformer uses full wave bridge recti- 
fier. Requires no limiting resistor unlike 
equivalent voltage double types, also has ad- 
vantage of no insulated capacitor and lower 
ripple output with smaller choke. 
Output 220v @ 420mA D.C. 
230:172v @ 420mA D.C. Full wave bridge 
Rect: 
tne. C.T. @ 5A (2 only 6.3v winding @ 
5A). 
:6.3v @ .3A Picture tube winding. 
Choke:—C50. Use 400v P.I.V. Diodes. 


R111 T.V. Power Transformer 


Similar to R110 but for R.C.A. type Kitsets. 
260v @ 350mA from Rect. 
230:207v @ 350mA D.C. Full wave bridge 
Rect. 
:12.6v C.T. @ 5A (2 only 6.3v windings 
each 5A). 
:6.3v @ 0.6A. Picture tube winding. 
Choke:—C42. Use 400v P.I.V. Diodes. 


R112 Oscilloscope Power Transformer 


R.T.V. & H. 1963. Calibrated. 
230:110v @ 80mA D.C. Full wave voltage 
doubler. 
:6.3v @ 2.4A. 
:6.3v @ 1A. 
:'6.3v @ 1A. 
Use 400v P.I.V. Diodes. 


BEACON RADIO LIMITED 


vorner Brown and Fitzroy Sts., Ponsonby, Auckland. P.O. Box 2757. Telephone 16-164 (3 lines) 


Ist AUGUST, 1965 


Transistorised Pre-Amplifier 
Design Considerations 


Continued from page 28 


The distortion figures are good — better than 
05% whilst the signal to noise ratio at 5 my. input 
level is better than 60 db. 

We have given a prelude to our forthcoming 
‘‘Hi-Fi’’ project and hope that the subjects we have 
discussed this month will give a clearer picture of 
the operation of the various parts of the final design. 
REFERENCES : 

1. “A 3 watt Transistor Audio Amplifier’, by T. D. Towers, 
Wireless World, Dec. 1963. 

2. “The Mullard Transistor High Quality Pre-amplifier”, 
Amateur Tape recording, October, 1964. 

3. “Ceramic Pickup Cartridges”, Radiotronics, October, 1963 
and “Crystal Pickup Cartridges”, Radiotronics, November, 
1963. Both by B. J. Simpson. 

4. “Some transistorised Pre-amplifier circuits”, 
October, 1964. 

5. “A transistor Pre-amp for Magnetic Pickups” Radio, T.V. 

and Hobbies, November, 1961, and “A magnetic P.U. 

Pre-amp with NPN Transistors” R. T.V. & H, August, 

1962. Both by J. Rowe. 

Looking at “The Crystal Pickup Cartridge”, Radio & 

Electrical Review, January, 1962. 

“Get the Best from Ceramic Cartridges”, by H. Bernstein, 

Radio-Electronics, June, 1963. 

“Transistor High-Quality Amplifiers”, World, 

August, 1963, by P. Tharma. 

“Transistor High Quality Audio Amplifier”, Wireless World, 

January, 1965, by J. Dinsdale. 


Erection Of Mt. Te Aroha 
Television Tower 


Atop Mt. Te Aroha 3,126 feet above sea level, a 400 foot self-supporting steel 
tower is being erected. Atop this tower Marconi quadrant aerial elements will be 
mounted. This television array, fed by parallel Marconi transmitters, will radiate 
an effective power of 100 KW on Channel 1, with vertical polarisation. The tower 
will be visible in the Bay of Plenty, the Hauraki Plains and the Waikato. 

When the new installation is commissioned, a significant improvement will result 
in the television coverage over this extensive area. The Te Aroha station will 
radiate the television programme originated in the studios of Channel 2, Auckland, 
and carried to this repeater site by AWA microwave links. 

The Te Aroha installation is part of a major contract awarded Amalgamated 


Radiotronics, 


Wireless 


0 Oo YN DH 


Wireless (Australasia) N.Z. Limited last year for aerials, towers and high power ~ 


transmitters for Auckland, Te Aroha, Wharite (near Palmerston North), and Christ- 
church. 


ae 3 


The township of Te Aroha look Lilliputian through a gap in the clouds from 


the site now being developed on the mountaintop for the high power television station. 
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British Astronomers Have 
New Radio Telescope 


A new one-mile radio telescope has 
been installed for the Science Research 
Council at Mullard Radio Astronomy 
Observatory near Cambridge in Eng- 
land, and here the movable reflector is 
seen. The reflector, which is 60 feet 
in diameter, runs along a 4 mile track 
and is moved by a hydraulic motor which 
allows precise control at very low speeds. 
The construction of the telescope started 
in 1962, with the aid of a grant of 
£570,000 from Britain’s former Depart- 
ment of Scientific and Industrial Re- 
search. 
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Our radio broadcast universal 
replacement coils will replace any 
damaged aerial, RF or osci/lator 
coil. Designed to assist you in 
maintaining . tirst - class service to 


your chents. 

Aerial Type 40 
rs Type 45 
Osc. Type 4/ 
Write for alignment procedure 
Sheet N2 5/40 
New factory address: 
Cameron Rd. South, Greerton, Tauranga 


Inductance Specialists... 
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A WORLDWIDE ORGANISATION 


Look hard - really hard, for behind every Miniwatt trade- 
marked tube stands a worldwide organisation of repute 
and renown. An efficient organisation with top-ranking 
scientists in metallurgy, chemistry, electronics, physics..., 
vast laboratories..., thousands and thousands of specially 
trained workers experience of many years of manu- 
facturing... and these are but a few aspects of what goes 
into producing tubes of top-quality. Miniwatt tubes. 


What does this mean to you? 


A WORLDWIDE ORGANISATION 


1S 


& PHILIPS MINIWATT 


what do 
you see 
when you 
look into 
this tube...? 


YOUR GAIN! 


And not only your gain - but your customers’ as well! For 
your customers rely upon you to do a good job when 
their sets need repair. And satisfied customers will come 
back and buy from you again and again. Miniwatt makes 
for satisfied customers. They know they can rely on you, 
you know you can rely on Miniwatt... always to have the 
right tube in stock... always a guaranteed top quality... 
and to render you the service only a leading manufacturer 


can - both now and in the future! 


BACKING UP YOUR BUSINESS 


CAMERA 
—- VIEW - 


The question of after-sales ser- 
vice and calibration is one that 
too often plagues purchasers of 
electronic equipment in this coun- 
try and it is pleasing to report 
in this issue the setting-up of a 
calibration room by a local com- 
pany. Sample Electronics (N.Z.) 
Ltd. have been importers of a 
wide range of measuring equip- 
ment for several years and their 
Manager, Mr. Derek Barlow, feels 
that their success must be backed 
by adequate technical facilities. 
Recently this was implemented by 
setting up a calibration and ser- 
vice room at their premises in 
Onehunga. 

Samples represent a number of 
companies, mostly American, deal- 
ing in precision and nucleonic 
measurements and the long-term 
accuracy of such equipment can- 
not always be checked by the pur- 
chaser regularly. Whilst Sample’s 
facilities are by no means com- 
plete as yet, frequency measure- 
ments with an accuracy of one 
part in 107 over the range DC to 
500 Me/s can be done and a DC 
and AC voltage calibrator unit 
allows calibration of VTVM’s or 
oscilloscopes over the range 300 


“V to 300V with an accuracy of 


Figure 2. 


Sample Electronics (NZ) Ltd. 

8 Matipo St., Onehunga, Auckland, S.E.5. 
Phone: 565-361, Code Address: ELPMAS. 
Manager: Derek Barlow. 


+ 25% on DC and + .5% on AC. 
RF power measurements in the 
range 10 Mc/s to 10 Ge/s with an 
accuracy of + 3% at levels luW 
to 10mW are also possible. 

The calibrator set is shown at 
the rear in figure 1 and comprises 
a Hewlett Packard 200 SR oscil- 
lator, a 739 AR frequency response 
test set and a 200 738 BR volt- 
meter calibrator. The 738 BR pro- 
vides a 400 ¢/s test signal for AC 
calibration of equipment. The 739 
AR and 200 SR allow the response 
characteristics of VWTVM’s and 
CRO’s to be checked from 10 ¢/s 
to 5 Me/s with an accuracy of .5% 
and from 5 ¢/s to 10 Me/s within 
1.5%. 

Atop the calibration set is a 
Datapulse 106A Pulse Generator. 
A 431B Power meter sits on top 
of a 175 A 50 Me/s oscilloscope 
(this is shown in more detail in 
figure 2) and to the right on top 
is a 410e voltmeter. To the right 
of the oscilloscope is an HP 400 
D Vacuum Tube Voltmeter. 

In the foreground of figure 1 
are a 5245L counter and 651A Test 
Oscillator. This test oscillator has 
a frequency range from 10 ¢/s 
to 10 Me/s with a stability of 10 
parts per million and a dial accur- 


0 


aey of 2%. Measuring accuracy 
of 1 in 10° can be achieved by 
using the 5245L counter as a fre- 
quency meter to monitor the oseil- 
lator output. The two vacuum 
tube voltmeters allow general- 
purpose measurements of voltage 
and eurrent up to 700 Mc/s. 

Future plans of Sample Elec- 
tronies include provision for a 
standard frequency transmision 
receiver, so that even more accur- 
ate frequency measurements can 
be made and also so that the 
inherent accuracy of their labor- 
atory equipment can be standard- 
ised from time to time. 

It seems to us that heavy invest- 
ment in such laboratory and ser- 
vicing is necessary not only to 
provide adequate maintenance of 
exciting equipment but also in the 
interests of future sales. After- 
sales service — a field in which 
the New Zealand customer has 
tended to be inadequately treated 
~— has always been important and 
is going to become more so. This 
month’s report shows an answer 
to the problem. 

Sample Electronics can offer 
technical assistance in most mea- 
suring and instrumentation situ- 
ations and this is backed up with 
a full information and catalogue 
service. Whilst based in Auck- 
land, the Company offers Domin- 
ion-wide assistance both at a 
technical and calibration level — 
the latter extending to any make 
of equipment for which they are 
agents. 
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PHILIPS OSCILLOSCOPES 


a ac a 


Max. Input Signal CRT Acc. 

Type and Baridwidth Sensitivity Impedance Delay Sweep Speeds Magnifier Dia. Voltage 
GM 5603 differential wideband 

d.c.-14Mc/s 50mV/cm 1 MQ/ / 22 pF yes 0.2us/cm-1s/cm 2x; OX 13cm (5”) 10kV 
GM 5602 wideband ‘ 

d.c.-14Mc/s 50mV/cm 1 MQ//22 pF yes 0.2us/cm-1s/¢em 2X, 5X 10cm (4”) A4kV 
GM 5600X compact H.F. ; 

d.c.-5Mc/ s 50mV/cm 1 MQ// 40 pF no 0.5us/cm-30Mc/s/cm oe 7cm (3”) 1.6kV 
PM 3201 H.F. 

d.c.-5Mc/s 10mV/cm 1 MQ//35 pF no 0.5us/cm-0.2s/cm 5X 10cm (4’’) 3kV 
GM 5601 H.F. 

d.c.-5Mc/s 100mV/cm 1 MQ//30 pF no 0.5us/cm-0.2s/cm 5X 10cm (4”’) 3kV 
PM 3236 double-beam L.F. 

d.c.-150ke/s 500uV/ cm 1 MQ//70 pF no 10us/cm-5s/cm 2X, 5X, 10X 13cm (5”) 4kV 

d.c.-300kce/s 20mV/cm 
GM 5659 X.Y. 

d.c.-1M 100mV/cm 1 MQ/ 15-40 pF 2us/cm-0.1s/cm _— 10cm (4”) 2kV 


QUALITY ENGINEERED FOR QUALITY SFM 


The PM 3236 Double Beam Oscilloscope, brief details of which are given above, is a new 
addition to the Philips range, especially suitable for studying low frequency phenomena. This 
versatile instrument is available ex stock at a very attractive price. 


For further information please contact: 


EDAC LTD. 


P.O. BOX 6415, WELLINGTON P.O. BOX 9338, AUCKLAND 
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Serviceman’s Column 
Continued from page 23 


The unit has 2-inputs each, in- 
dividually controlled. The cir- 
cuit has resemblances to the ‘‘Mul- 
lard 10’’ but differs in important 


details. The input stage is one 
half of a twin triode ECC83 


which feeds separate bass and 
treble booster-cutters. The second 
half of the twin triode is the 
‘‘usual’’ input stage to which the 
main feedback loop is connected. 

The amplifier retails in U.K. at 
£14 14s. which means that the 
manufacturer operates on mar- 
ginal costings. The equipment 
does — unlike some competitors 
from other lands with vivid ima- 
ginations — meet its published 
specification. However the unit 
runs right up to limits which 
means that a modicum of common 
sense should be used in installa- 
tion. 

The transformer primary and 
rectifier output are both fused. 
Switch-on after a few seconds off 
will produce a current surge 
guaranteed to blow the rectifier 
fuse. A 500ma type instead of 
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the 110 ma type is a desperate 
but effective final measure. Check 
that the mains tap is set at 230 
volts, this will melt the wax 
coatings on both power and out- 
put transformers but will not 
cause a burn-out. We invariably 
find these set for 250 volts and 
have to replace valves which have 
failed through low emission. An- 
other favourite device is to leave 
off the base plate to permit extra 
component ventilation. Put it 
back, if the manufacturer could 
have saved himself all that nicely 
painted metal plate he would have 
done so. It is a shield so use it. 

My most recent call was a hor- 
rible event. The amplifier had 
been mounted vertically and all 
the above ‘‘improvements’’ made. 
In addition two valve sockets had 
failed; one having a short on the 
sereen of one EL84 which caused 
local burning in the output trans- 
former and a 300 ohm leakage be- 
tween the two sections of the out- 
put transformer. Besides a leak- 
ing balance condenser in the grid 
circuit of the phase-changer stage, 
we also replaced both output 
EL84 valves. The first ECC835 had 
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also become noisy and erratic. 
The customer was faced with the 
expense of a visit during which 
the base plate was eventually 
found and the necessary screws 
added to his account. As a post- 
script to this expensive occasion 
the owner is now very Satisfied 
and rang after the weekend to 
say So. 

The previous two ‘‘Diatonics’’ 
had been modified to ‘‘improve’’ 
the circuit. Both had attempted 
to omit the first stage: in one 
case to lower ‘‘hiss’’, in the other 
to avoid an ultra-sonie parasitic 
which caused distortion at com- 
paratively low outputs. After re- 
storing the circuits to the makers 
original specification both were 
remedied by  base-plates, new 
valves where cathode poisoning 
was irrevokable, and correct volt- 
age operation. In one case the 
valves which had produced the 
parastic recovered after a week 
of operation at correct heater 
voltage and were then let off on 
probation. The owner was asked 
to report back if trouble struck, 
now five months later he is still 
happy. 
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New Products 


eg te 


AUTORANGING DC VOLT- 
OHMMETER 


A new 12-range all-solid-state dc 
volt-ohmmeter from Hewlett-Packard 
gives accurate measurements immedi- 
ately, with automatic ranging. The 
Model 414A  Autovoltmeter silently 
selects correct range and polarity less 
than 300 milliseconds after contact is 
made. Both range and polarity appear 
on an illuminated display; the reading 
appears on a mirror-backed, individ- 
ually calibrated taut-band meter. 

DC voltages are measured at sensiti- 
ities from 5 millivolts to 1500 volts full 
scale. Accuracy is +0.5% of reading 
+0.5% of full scale. Input resistance 
is 10 megohms on the two lowest scales, 
100 megohms on full-scale ranges from 
50 millivolts up. 


Resistance is presented on linear scales 
with full-scale ranges from 5 ohms to 
1.5 megohms. Illuminated characters 
are used to display the full scale re- 
sistance value as well as voltage for the 
measuring range which has been selected. 
Current through the unknown is 1 milli- 
ampere up to 5000 ohms, 1 microampere 
above 5000 ohms. Accuracy is +1% 
of reading +0.5% of full scale on all 
ranges. 

The HP Model 414A was designed to 
serve bench and production operations, 
where widely differing readings are 
wanted in rapid succession. It offers 
speed and the convenience of analog 
analysis at relatively low cost. 

The meter’s input is floating, and 
may be operated up to 500 vde above 
ground. The modular cabinet is less 
than 7 inches high, 7 5/8ins. wide, and 
12ins. deep. It is readily rack-mountable 
by means of available accessories. 

ENQUIRY 185 
* * * 


CIRCUIT-BOARD MOUNTING 
BRACKET 


Nylon mounting brackets for printed- 
circuit boards provide an easy way of 
fixing the boards firmly to the frontpanels 
of cabinets. Each bracket is bored and 
channelled along its length to receive 
small nuts and bolts, and at the end 
where it is attached to the panel has 
a threaded metal insert to take the 
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holding screw. Inserts are available with 
British, European and North American 
threads. 
ENQUIRY 199 
* * 
HIGH - EFFICIENCY SPEAKERS 
A local firm announces a new range 
of high-efficiency speakers which require 
only half the electrical power input to 
provide the same acoustic power output 
as ordinary types. The slim dimensions 
of this range make them especially 
suitable for use in portables. These 
small Ferrite models, we are told, per- 
form as well as or better than larger 
units using Alnico magnet motor units. 
This is a sample dimension of one 
unit in the range. 
Overall diameter of diaphragm housing: 
3 9/16" x 3. 97tee 
Diameter of Baffle opening: 3 3/16” 
Diameter of Voice coil: 8” 
Depth from pad ring to rear: 1%” (12”) 
One specification reads:— 
Power Handling Capacity: 
D3 Watts Peak 
G 33 Watts Peak 
Fundamental Resonance: 130 c.p.s. 
Frequency Response: 15 ohms to 400 
Gps: 
Voice Coil Impedance: 
rea 
Air Gap Flux Density: 


15 ohms at 400 


D 7,800 Gauss 

G 11,000 Gauss 

D 13,000 Lines 

G 18,400 Lines 
Specifications are available for others 

in this interesting new range. 
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Total Gap Flux: 


For more information on 
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COMPACT INSTRUMENT TRANS- 
FERS STANDARD VOLTAGES 
A readily portable, highly usable 

standard volt is one of many available 

outputs from a compact new Hewlett- 

Packard dc transfer standard. With 1 

microvolt resolution, the HP Model 735A 


may also be set to deliver 0 to 1000: 


microvolts, or any value between 1.018 
and 1.020 volts. 

Uses for Model 735A include service 
as a 1.000 volt reference for volt box 
potentiometric measurements, or as a 
transfer reference for comparing satu- 
rated or unsaturated standard cells. 


& FEks DO THPROFER STARVED MIORGVOLTS 


The instrument’s performance is not 
impaired by accidental short circuits. As 
a source, its interrial impedance is low 
and specified constant within 1%, making 
its effect easily calculable. This output 
is also floating and guarded, for thorough 
isolation from power lines. Five-way 
binding posts are provided; positive and 
negative posts are gold-flashed solid cop- 
per, minimizing contact effects. 

Day-to-day practical usefulness of the 
735A DC Transfer Standard is further 
emphasized by its relative freedom from 
temperature effects and drift. Within 
the range 0° to + 50° C, the temperature 
coefficient is 1 ppm/°C, and _ stability 
with time is better than 10 ppm/month. 

The modular enclosure, easily rack 
mountable with other instruments, is less 
than 33” high, 54” wide, and 11” deep. 
Weight is only 5% pounds. 

ENQUIRY 184 
* * * 
THE TRANSDEVEL 

This instrument has been designed to 
build quickly a transistor circuit for 
observation and re-design without using 


a single component except for the 
transistors. No. soldering iron has to 
be.used. — experimental circuits can be 


set up in a few minutes. 

The circuits that. can be built with 
the Transdevel. are practically. un- 
limited; for example: Cascade-, Cascode-, 
Push/Pull-, and Differential Amplifiers, 
Phase Shifters, several . Multivibrators, 
Trigger - circuits, Limiters, Oscillators, 
Logic circuits and many others. 

The frequency range is. restricted .to 
10 Mc. being. the parallel capacitance 
of the transistor-input clips. (approx. 12 
micromicrofarad) .and the decade resis- 
tors (also. approx.» 12 micromicrofarad). 
When scaling a circuit one has to con- 
sider the maximum dissipation of the 
built-in resistors being 250 mW. 

-The instrument has a symmetrical 
lay-out and is- designed to set-up two- 
transistor circuits. Around the transistor- 
input clips 8 decade resistors have been 
arranged, 6 of. which have 2 decades 
(the R12 series) the. other 2 have 4 
decades (the R6 series). 


ate 
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With these decade resistors it is pos- 
sible to put any desired value of the 
series into the circuit by means of the 
jumpers and patchcords supplied with the 
set. 

All resistor terminations are double- 
ended. The power required can be taken 
from internal batteries or from an ex- 
ternal power supply. The value of bat- 
tery voltages can be chosen at the back 
of the Transdevel in steps of 1.5 volts. 

On the front-panel it is possible to 
use two voltages and ground-potential 


at 6 different points. 
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* * * 
SIGNAL GENERATOR FOR THE 
SHF RANGE 


The new SHF power signal generator 
SLRC developed by Rohde & Schwarz 
is the first signal generator to deliver 
3 W in the wide frequency range from 
2.3 to 7 G. c/s. The signal generator, 
which uses a disc-seal triode, can be 
pulse-modulated and frequency-synochro- 
nized, is outstanding for its high short- 
term and long-term stability of its 
typical characteristics. Thus it finds 


universal application in research and 


development work of the microwave 
technology. 

The entire frequency range (1:3) is 
covered by the new signal and through 
single-knob tuning (coarse/fine drive) in 
one range. Frequency setting can be 
read with an accuracy of +1.5% from 
the figures of a counter. The frequency- 
linear tuning characteristics permit a 
time-linear frequency sweep if a motor 
shaft is connected to the flange of the 
tuning knob. Internal 100 per cent 
pulse modulation of the output signal 
is possible with a repetition frequency 
of 1000 c/s +0.5% (square wave) and 
externally in the repetition frequency 
range 0 to 100 kc/s. The output is 
indicated from —3 to +36 dBm on a 
calibrated meter. Repeatability of power 
settings lower than the above values is 
feasible with the aid of a non-calibrated 
scale indicating the adjustment of an 
attenuator. To satisfy special require- 
ments on frequency purity and stability 
this signal generator can be synochronised 
with a frequency derived from a crystal 
with the aid of newly developed 


auxiliary units. 
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AUDIO-FREQUENCY OSCILLATOR 


The AWA low distortion audio oscillator, type 1457321, is an extremely stable 
resistance-capacitance oscillator intended for use on high-quality audio circuits or 
wherever high stability and purity of waveform are essential. 

’ The equipment is available as a rack mounting unit fitted with a ventilated dust 
cover, or aS a portable unit in a ventilated steel case. 

Constructed on an anodised, aluminium chassis it has a stainless steel front panel 
on which all’ controls, meter, and ‘output terminals are mounted. A socket fitted to 
the rear of the unit may also be used to connect the output voltage to other 


equipments. 


The oscillator has inherently high stability over long periods of time and 


produces an’ exceptionally pure sine-wavef 


with low temperature-coefficients as a 


orm. This is achieved by using components 
Wienbridge network in a stabilised a-g-c 


amplifier. The output of the oscillator is coupled via a level control to a two-stage 


negative-feedback amplifier. 


A low-impedance unbalanced output is obtainable directly from the amplifier. 
In addition, a transformer matches the amplifier output to a 600-ohms resistive 


load via a 0-60dB attenuator. | , 


A meter indicates the output level from the balanced source into a 600-ohm 
resistive load in dbm and in volts r.m.s. The level from the unbalanced - source 


may be read on a separate scale in volts r.m.s. 
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AMPLIFIER-MULTIPLIER 

A new Ku frequency band solid- 
state amplifier-multiplier, designed for 
use as a radio-frequency source in air- 
borne navigational systems, is available 
from the Westinghouse Electronic Tube 
Division. The compact tube, designated 
WX-30133, features conduction cooling 
and an Output response which is flat over 
a 0.5 percent frequency range. 

It produces a minimum of 100 milli- 
watts at 13.3 gigacycles by multiplying 
a 92-megacycle, 3-milliwatt input signal 
by a factor of 144. D-c input power is 
presently 50 watts and will be reduced 
in future models. The unit measures 
2% inches by 2 inches by 44 inches 
and weighs two pounds. 
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NEW TAPES FROM OLD 

_ A simple device for erasing a record- 
ing from a tape in a matter of seconds, 
is being produced by a British firm. It 
consists of a small box, containing de- 
magnetising windings energised by mains 
power, with an insulated deck and a ver- 
tical spindle. When the tape is placed 
on the spindle and rotated twice in each 
direction, the tape is cleared of all re- 
cordings. 
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* * * 


COMMERCIAL TRIMMING 
POTENTIOMETER 
The model 62P Helitrim trimming 
potentiometer is a new miniature model 
designed for industrial and commercial 
applications. It has a sealed metal hous- 
ing, 4 in. in diameter and 4 in. high, 
and cermet resistance element with total 
resistances from 10 ohms to 1 megohm. 


The Model 62P has a power rating of 
0.5 watts at 70°C and an ambient tem- 
perature range of —25 to 125°C. Single- 
unit price is expected to be less than 
£1 in New Zealand. 


* * 


AUTOMATIC REMOTELY CON- 
TROLLED COMMUNICATIONS 
SYSTEM 
A. fully automatic high-frequency 
single sideband communications system 
—known as Speedrace—which can be 
controlled remotely by any form of 
digital data link over distances as great 
as 1,000 miles, has been introduced. 
For long and medium distance point 
to point, ground to air or ship to shore 
communications, Speedrace is ideal for 
military use as all units have been de- 
signed to British defence specifications 
for construction, environmental perform- 
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ance and climatic conditions. It is also 
suitable for telecommunication author- 
ities and for civil uses. 

A number of technical advantages 
are offered by s.s.b. (single sideband) 
operation compared with double side- 
band (d.s.b.) over the same circuit. Single 
sideband transmissions occupy only half 
the bandwidth of d.s.b. operation, giving 
greatly improved efficiency, and approx- 
imately one-tenth of the power of a 
d.s.b. transmitter will give equivalent 
communications efficiency. 

Now in quantity production for Brit- 
ish and overseas governments, Speed- 
race has been developed over a number 
of years and is based on an analysis of 
user requirements. Systems are avail- 
able with up to 10 kW p.e.p. output in 
static, transportable or mobile form. 
All modes of operation are available in 
the frequency range 2 - 30 Mc/s. 

The heart of the system is a synthe- 
sizer, Which accepts a standard frequency 
signal and produces 280,000 possible 
Operating frequencies of unsurpassed 
accuracy and _ stability each separated 
by 100 c/s. Each output frequency is 
controlled by a frequency standard en- 
abling accurate and stable operating con- 
ditions to be maintained. System fre- 


‘quency stability is better than 5 parts 


in 1019 per day, and accuracy is bet- 
ter than 1 part in 109. 

All tuning, frequency setting and 
mode-setting is completely automatic, as 
are the output loading circuits of the 
transmitter, which are continuously 
maintained at correct impedance match 
to the aerial circuits. Average frequency 
change time for a transmitter system is 
about 20 seconds, and maximum time 
less than 45 seconds. 

Remote control facilities include fre- 
quency selection, mode selection, trans- 
mit/standby control, remote oscillators 
and switching. Additional optional facil- 
ities include switch-on and run-up, aerial 
selection, aerial rotation, fault warning, 
remote gain control and pre-programmed 
systems. 

Any type of intelligence input can be 
accepted, provision being made for a.m., 
c.w., s.s.b., and f.s.k., operation, with 
receiver a.f.c. if required. As well as 
fully suppressed carrier operation, pilot 
or voice controlled carrier operation is 
available. 
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* * * 

NEW VHF MICROVOLTMETER 

A new selective microvoltmeter type 
USVV for 10 «V up to 1 V, which is 
continuously adjustable from 30 to 480 
Mc/s has been developed by Rohde and 
Schwarz. 

The unit is suitable for such 
applications as measurements on filters 
or distortion factor measurements. _ Its 
frequency response is flat within 1 dB 
over the entire range. The bandwidth 
of the second IF is 300 Kc/s and that 
of the third 20 Kc/s. The built-in 
standardising oscillator, which can be 
switched off, permits the 2nd and the 
3rd IF to be calibrated separately, one 
after the other. The unit can be 
automatically tuned for AM and FM 
operation and is equipped with a re- 


corder output. 
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UHF MILLIVOLTMETER 

Claimed to be the most versatile UHF 
millivoltmeter at its price on the market, 
the VM79 offers direct-reading drift-free 
measurement of voltage in the ranges 
10mV FSD — 3V at frequencies from 
100Kc/s - 1000Mc/s. In addition DC 
voltage measurements from 100uV FSD 
- 3V DC, current measurements down 
to 0.01uA FSD and resistance measure- 
ment to 10MQ are included in the specifi- 
cation. As the latter has a polarising 
voltage of only 4V it is particularly 
suitable for use with transistor circuits. 


Readings are indicated on a four-inch 
meter with separate scales for each 
facility. A DC output enables a suitable 
X-Y recorder to be coupled to the in- 
strument for permanent records of mea- 


surements. The VM79 is_ battery 
operated by two 4V mercury cells and 
a third cell is used for resistance mea- 
surement. Battery levels may be checked 
on the front panel meter. A coaxial T- 
probe for 502 working is supplied with 
each millivoltmeter. A 75Q2 probe, a 
high-impedance probe and termination 
for 75/502 working are available as 
optional extras. 

The instrument is presented in the 
new Advance modular construction and 


is priced in the U.K. at £180. 
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MINIATURE SUPERCOOLER FOR 
ELECTRONIC COMPONENTS 
A lightweight miniature gas liquefier 
has been produced for rapid local super- 
cooling of components in electronics 
systems. Only 1.7 ins. long and 0.28 
ins. in diameter, the cryogenic device has 
already been used successfully for cool- 
ing infra-red detectors, injection lasers, 
parametric amplifiers and photo cathode 
tubes — devices used in applications as 
different as space systems and brain 
surgery. The liquefier converts high 
pressure, clean gas, such as nitrogen, 
argon and air to its liquid phase and to 
temperatures down to 77 degrees Kelvin, 
often in a few seconds. The design of 
the miniature cooler enables the gas 
storage system to be remote from the 
device being cooled. Weight of the 
cooler is only 0.2 oz. The gas then 
passes through the heat exchanger so 
that its cooling effect is applied to in- 
coming gas. This process is cumulative 
until liquefaction occurs at the nozzle 
and the liquid collects in a cold cham- 
ber. The complete system is insulated 
from external temperatures by an evacu- 
ated double-glass walled enclosure (a 
dewar) which also usually houses the 
device to be cooled. 
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ber. The Nuclear-Chicago Model 6310 Cloud- : 
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HOLT INSTRUMENT LABORATORIES 

Audio vyoltage standard model 323A. 
Absolute accuracy —0.02%, distortion 
—0.035%, output power &30VA, voltage 
range .1OMV to 1000 volts, frequency range 
35 cps to 20 ke. 


JOHN FLUKE MANUFACTURING CO. INC. 
A rugged new solid state clectronic 
galvanometer meeting mil-spec environmen- 
tal parameters is now available by Fluke. 
Features of the new design include sensi- 
tivity of 2 UA per scale divisicn ability to 
take a million-to-one overload without dam- 
age and elimination of external damping 
requirements. 


ELECTRO SCIENTIFIC INDUSTRIES INC. 

Featuring an accuracy of 0.003%. This 
battery-operated d.c. yoltmeter and voltage 
calibration system has been developed for 
use with voltage measuring and recording 
equipment. 

Model 330 Portamstric Voltmeter is ten 
times more accurate than most laboratory 
potentiometers. : 


WE.ARE SOLE AGENTS FOR: 


BOONTON RADIO COMPANY (U.S.A.) A/S DANBRIDGE (DENMARK) DATAPULSE INCORPORATED (U.S.A.) 
DECKER CORPORATION (U.S.A.) DU MONT LABORATORIES (U.S.A.) DYMEC INCORPORATED (U.S.A.) 
EITEL-McCULLOUGH INC. (U.S.A.) ELECTRONIC MEASUREMENTS CO. INC. ELECTRO SCIENTIFIC INDUSTRIES (U.S.A.) 
FAIRCHILD INTERNATIONAL JOHN FLUKE MNFG. CO. INC. (U.S.A.) HARRISON LABORATORIES 
HEWLETT-PACKARD ASSOCIATES HEWLETT-PACKARD COMPANY (U.S.A.) HOLT INSTRUMENT LABORATORIES (U.S.A.) 
KEITHLEY INSTRUMENTS INC. (U.S.A.) MELABS (U.S.A.) MICA CORPORATION (U.S.A.) 
MIKROS INCORPORATED (U.S.A.) F. L. MOSELEY COMPANY (U.S.A.) NESCO INSTRUMENTS INC (U.S.A.) 
NUCLEAR CHICAGO GEORGE A. PHILBRICK RESEARCH INC. RADIO FREQUENCY LABORATORIES (U.S.A.) 
RADIATION: INSTRUMENT DEVELOPMENT SANBORN COMPANY (U.S.A.) S-E LABORAORIES LTD. (ENGLAND) 
LABORATORIES INC. (U.S.A.) TALLY CORPORATION (U.S.A.) TECHNICAL RESEARCH GROUP INC. (U.S.A.) 


SAMPLE ELECTRONICS (N.Z.) LTD. vce a 


CALIBRATION 
8 MATIPO STREET, ONEHUNGA, S.E.5, AUCKLAND, NEW ZEALAND FACILITIES 


TELEPHONE 565-361 AVAILABLE 


> ELECTRONIG GaLlvanomer 
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Power Supply Unit pp) 


Input voltage 94 to 138V, 187 to 276V, 50c/s only. Outputs 
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power supplies 


Supply No. 1 2 3 4 5 and 6 

Voltage 0 to 600V +100 to —200V DC Oto —200V 63V AC 
DC +800V DC fixed DC (r.m.s.) 

Maximum current 300mA total 300mA total 50mA 5mA 4A each 

Maximum source 0-1 (DC) 0:1 (DC) 13K 

impedance (ohms) 0:5 (at 50kc/s) 0:3 (at 30kc/s) 

Maximum ripple 3mV 3V mV mV 

voltage (r.m.s.) 

Stabilisation factor within 1000; 1 4:1 essentially 1000: 1 1000: 1 15:1 

permissible mains variation unstabilised 

Short circuit protection e.m. e.m. 100MA Stands brief 
cut-out cut-out tuse F.3 short circuits 


Special features Variable source impedance 


to 50kc/s from external generator working 


Source impedance of supply No. 1 variable 
from 0:1 to 400. Artificial ripple injection 


into 522 load. Metering Two meters are fitted. 
Dimensions 192in (50cm) wide x 13 in(33cm) 
high x 15in (38cm) deep. Weight 92 Ib (42kg). 


(a) /nterna/l 50c/s up to 6V. (b) External Up 


Power Supply Units PD] | 


Input voltage 100 to 125V, 200 to 250V, 50c/s 
only. Output voltage PP2 0 to 50V d.c., 

PP4 0 to 80V d.c. both continuously variable. 
Current PP2 0 to 10A, PP4 0 to 6A. 
Impedance Less than 0:25!2 up to 100kc/s 
(4-terminal output provided). Resistance Less 
than 0:00322. Stabilisation Input voltage 
variations of +15°, are permitted, stabilisa- 
tion factor 5000: 1. Ripple Less than 2mV 
pk.pk. Metering Two meters are fitted. 
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PP2 Ammeter switched in four ranges as 
follows 0 to 0:3A, 0 to 1A, 0 to 3A, 0 to 10A. 
Voltmeter switched in two ranges as follows 
0 to 6V, 0 to 60V. 

PP4 Ammeter switched in four ranges 0 to 
0:2A, 0 to 0:-6A, 0 to 2A, 0 to 6A. Voltmeter 
switched in two ranges 0 to 10V, 0 to 100V. 
Overload protection Resettable cut-out 
operates when load current exceeds 125°% of 
ammeter F.S.D.; cut-out occurs within 
0:2ms of the overload. A thermal cut-out 
provides protection against excessive 
internal temperatures at maximum load. 
Dimensions 20%in (51°4cm) wide x 13tin 
(33-6cm) high x 16Zin (41:3cm) deep. 
Weight 140|b (63kg). 


Power Supply Unit Dp? 


Input voltage 90 to 130V, 200 to 240V, 40 to 
60c/s. Output voltage 0 to 30V d.c. in three 
ranges, 0 to 10V, 10 to 20V, 20 to 30V. 
Current 0 to 1A. Impedance (d.c.) Less than 
0-0122. Impedance (a.c.) Less than 0-222 up 
to 100kc/s. Ripple Less than 0:-5mV pk.pk. 
Stabilisation 7°% supply variation varies 
output by approximately 10mV. Metering 
An ammeter and a voltmeter, switchable to 


Overload protection Resettable electronic 
cut-out. Operating temperature Up to 35°C 
(ambient). Dimensions 18in (46cm) wide x 
13iin (33-5cm) high x 114in (29cm) deep. 
Weight 38lb (17:25kg). 


A Rack mounted version is also availabie- 
PP3R. 


Power Supply Unit ue 


Input voltage 110, 120, 220, 240V +15°,, 
50c/s only, 160W each section. Output 
voltage 0 to 30V in six overlapping ranges. 
Current 0 to 3A at any output voltage. 
Impedance (d.c.) Less than 0:0222; (a.c.) less 
than 0-202 up to 100kc/s. Ripple Less than 
1mV pk.pk. Stabilisation 3000: 1 permits 
supply variations of +15°% above and below 
nominal value. Metering Two meters are 
fitted. An ammeter 0 to 0:1A, 0 to 0:3A, 

0 to 1A and 0 to 3A F.S.D., and a voltmeter 
0 to 30V. Overload protection Resettable 
electronic cut-outs adjusted to operate at 
125% of F.S.D. on any current range. 
Operating temperature Up to 35°C (ambient) 
at full load. 


Dimensions 20in (50:7cm) wide x 13in (33cm) 
high x 15in (38cm) deep. We/ght 70!b (31-8kg). 


ENGLAND 


either output. The ammeter has two ranges 
0 to 0-1A F.S.D. and 0 to 1A F.S.D. 


ELECTRONICS LIMITED 
Sole New Zealand Representatives 


TURNBULL & JONES LTD. 


Wellington Christchurch Dunedin 
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